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Abstract 


The  overall  objective  of  this  research  effort  was  to  develop  an  interactive,  user- 
friendly  response  surface  methodology  computer  package  which  can  be  attached  to  any 
FORTRAN  based  simulation  model  to  yield  a  response  function  which  describes  the  relation¬ 
ships  between  the  input  parameters  and  the  output  parameter  of  interest.  Subobjectives 
were: 

(1)  After  the  response  surface  is  generated,  search  this  surface  for  the  combinations 
of  pertinent  input  parameters  that  yield  the  optimum  response, 

(2)  Interpret  how  the  response  function  reveals  the  sensitivity  of  the  output  para¬ 
meter  due  to  changes  in  input  parameters,  and 

(3)  Illustrate  how  the  response  function  describes  the  relative  ranking  of  effects 
on  response  between  input  parameters. 

This  research  effort  accomplished  the  overall  objective  and  touched  on  subobjectives  two 
and  three. 

The  overall  objective  was  accomplished  by  developing  the  RSM  computer  program.  The 
user-friendly  requirement  meant  the  program  had  to  be  flexible  and  easy  to  understand. 

The  input  requirements  were  designed  to  be  easily  understood  and  proceed  in  a  logical 
sequence.  Five  design  types  are  offered  by  this  program  and  also  a  user  design  input 
subroutine  offers  further  flexibility. y  The  first-order  design  types  offered  are  the  full 
2k  and  the  fractional  2^-p  designs  and  the  second-order  design  types  offered  are  the  full 
3^,  the  fractional  3^-P,  and  the  central  composite  designs,  where  k  is  the  number  of 
factors.  This  RSM  program  can  handle  from  two  to  nine  factors.  This  RSM  program  can 
handle  from  two  to  nine  factors.  The  user  can  use  the  regression  portion  offered  by 
this  program  or  can  choose  to  use  the  permanent  file  'MATRIX',  which  is  generated 
containing  necessary  data,  to  perform  his/her  own  statistical  analysis.  The  RSM 
program's  modular  design  enables  enhancements  to  be  made  with  few  changes  to  the  program 
itself. 

Subobjectives  two  and  three  were  implicitly  accomplished  by  the  output  displayed  from 
the  regression  portion.  The  estimated  coefficients  and  associated  statistics  illuminate 
the  relationships  between  the  input  factors  and  reveal  sensitivities  in  the  response  due 
to  changes  in  input  factors. 
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Abstract 

The  overall  abjective  of  this  research  effort  was  to 
develop  an  interactive,  user-f riendly  response  surface 
methodology  computer  package  which  can  be  attached  to  any 
FORTRAN  based  simulation  model  to  yield  a  response  function 
which  describes  the  relationships  between  the  input 
parameters  and  the  output  parameter  of  interest. 

Subobjectives  werei 

(1)  After  the  response  surface  is  generated,  search 
this  surface  for  the  combinations  of  pertinent  input 
parameters  that  yield  the  optimum  response, 

(2)  Interpret  how  the  response  function  reveals  the 
sensitivity  of  the  output  parameter  due  to  changes  in  input 
parameters,  and 

(3)  Illustrate  how  the  response  function  describes  the 
relative  ranking  of  affects  an  response  between  input 
parameters. 

This  research  effort  accomplished  the  overall  objective  and 
touchad  an  subob jacti vas  two  and  three. 

The  overall  objective  was  accomplished  by  developing  the 
RSM  computer  program.  The  user-f riendly  requirement  meant 
the  program  had  to  be  flexible  and  easy  to  understand.  The 


input  requirements  were  designed  to  be  easily  understood  and 
proceed  in  a  logical  sequence.  Five  design  types  are  offered 
by  this  program  and  also  a  user  design  input  subroutine 
offers  further  flexibility.  The  first-order  design  types 
offered  are  the  full  2“  and  the  fractional  2*<-,s  designs  and 
the  second-order  design  types  offered  are  the  full  3**,  the 
fractional  S1*-*3,  and  the  central  composite  designs,  where  k 
is  the  number  of  factors.  This  RSM  program  can  handle  from 
two  to  nine  factors.  The  user  can  use  the  regression  portion 
offered  by  this  program  or  can  choose  to  use  the  permanent 
file  'MATRIX',  which  is  generated  containing  necessary  data, 
to  perform  his/her  own  statistical  analysis.  The  RSM 
program's  modular  design  enables  enhancements  to  be  made  with 
few  changes  to  the  program  itself. 

Subobjectives  two  and  three  were  implicitly  accomplished 
by  the  output  displayed  from  the  regression  portion.  The 
estimated  coefficients  and  associated  statistics  illuminate 
the  relationships  between  the  input  factors  and  reveal 
sensitivities  in  the  response  due  to  changes  in  input 


factors 


AN  INTERACTIVE  COMPUTER  PACKAGE  FOR  USE 
WITH  SIMULATION  MODELS  WHICH  PERFORMS 
MULTIDIMENSIONAL  SENSITIVITY  ANALYSIS 
FY  EMPLOYING  THE  TECHNIQUES  OF 
RESPONSE  SURFACE  METHODOLOGY 


I .  Introduction 

Background 

A  complex  system  typically  cannot  be  studied  by 
analytical  methods.  Moreover,  in  order  to  gain  insight  into 
how  the  system  operates,  analysts  must  model  all  aspects  of 
the  system  structure.  Thus,  in  the  current  environment,  many 
problems  o-f  operations  research  and  management  science  must 
fce  attacked  by  means  o f  computer  simulation. 

A  computer  simulation  can  bfe  thought  of  as  a  black  box 
where  input  parameters  or  factors  enter  the  complex  system 
and  through  some  process  act  and  are  acted  upon  to  produce  an 
(several)  output (s).  For  example,  in  a  hospital  emergency 
room,  input  variables  might  be  the  arrival  rate  of  patients, 
the  severity  of  the  emergency,  and  the  number  of  doctors, 
nurses,  and  technicians  on  duty.  An  output  parameter  might 
be  the  time  a  patient  waits  for  service.  Another  example  is 
a  model  which  analyzes  conventional  weapons  effectiveness. 
Input  variables  could  be  the  number  of  attacks  allowed,  the 
number  of  targets,  and  the  number  of  weapon  patterns,  and 
possible  outputs  might  be  the  probability  of  denying  aircraft 
operations  and  expected  values  for  number  of  hits  and  area 
damaged.  Still  another  example  is  a  model  of  Army  cargo 


aircraft  scheduling.  The  model 's  objective  is  to  maximize  an 
overall  score  which  represents  the  satisfaction  of  the  end 
user.  The  Army  distinguishes  nine  types  of  supply  classes. 
The  priorities  given  to  these  supply  classes  are  the  model '& 
inputs  and  affects  the  end  user's  satisfaction  level. 

There  are  two  types  of  input  parameters  —  controllable 
factors  and  uncontrollable  factors.  Controllable  factors  are 
those  input  parameters  having  values  which  may  be  directly 
controlled  by  the  decision  maker  in  the  real  world,  and 
uncontrollable  factors  are  those  over  which  the  decision 
maker  has  no  direct  control.  From  the  previous  hospital 
emergency  room  example,  the  arrival  rate  of  patients  and  the 
severity  of  the  emergency  are  uncontrollable  factors,  and  the 
controllable  factors  would  be  the  number  of  doctors,  nurses 
and  technicians  assigned  on  duty. 

Typically  these  complex  systems  arB  studied  with  some 
purpose  in  mind.  In  the  case  of  the  hospital  emergency  room, 
personnel  may  be  interested  in  monitoring  patient  flow  and 
determining  those  values  of  controllable  input  parameters 
which  minimize  patient  waiting  time.  Similarly,  in  the  model 
of  a  conventional  weapons  exercise,  analysts  want  to 
determine  those  combinations  of  controllable  input  parameters 
which  produce  the  maximum  weapon  effectiveness  (a  measurable 
quantity).  Which  input  factors  have  relatively  little  impact 
on  the  output  parameter  of  interest?  Which  input  factors 
have  the  most  impact  on  the  output  parameter  of  interest? 

For  any  simulation  model,  it  is  desirable  to  explicitly 


express  the  relationships  between  the  input  factors  and 
output  factors  which  are  implicitly  defined  within  the 
computer  code  of  the  simulation  model. 

Problem  Statement 

There  are  two  methods  available  to  aid  in  determining 
these  relationships  —  internal  methods  or  external  methods. 
The  internal  method  is  accomplished  by  the  programmer 
changing  the  structure  of  the  system  until  an  acceptable 
result  is  achieved.  In  large  simulation  models  this  method 
is  not  feasible.  The  internal  method  requires  unreasonable 
amounts  of  time  and  is  not  easy  to  implement.  Recently 
analysts  have  been  customizing  the  external  technique  of 
response  surface  methodology  to  gain  insight  into  how  an 
output  parameter  responds  to  changes  in  combinations  of  input 
factors.  There  are  several  advantages  to  this  external 
method.  Once  generated,  the  response  surface  reveals  the 
relative  importance  of  the  input  factors  to  the  output  and 
also  illuminates  the  interdependence  between  pertinent 
factors  within  the  system.  Furthermore,  once  generated  the 
response  surface  can  be  searched  to  determine  that 
combination  of  factor  inputs  which  produces  the  optimum 
response.  The  drawback  with  customizing  response  surface 
methodology  to  a  simulation  model  is  that  in  order  to 
implement  this  type  of  technique,  an  analyst  must  understand 
the  mathematics  and  statistical  theory  involved.  What  is 
needed  is  an  external  method  that  employs  response  surface 


methodology  which  an  analyst  can  use  in  combination  with  a 
simulation  model  without  needing  to  understand  all  the 
mathematics  and  statistical  theory  involved. 

Research  Question 

Can  a  general  response  surface  computer  package  be 
developed  which  can  be  attached  to  any  FQRTRAN-based 
simulation  model  to  yield  as  output  the  description  of  the 
response  surface  dependent  upon  the  controllable  input 
parameters? 

Research  Objectives 

The  overall  abjective  of  this  research  is  to  develop  an 
interactive,  user — friendly  response  surface  computer  package 
which  can  be  attached  to  any  FQRTRAN-based  simulation  model 
to  yield  a  response  function  which  describes  the 
relationships  between  the  input  parameters  and  the  output 
parameter  of  interest.  To  insure  that  any  computer  package 
is  used  to  its  potential,  it  must  meet  user  needs.  Because 
of  this  desirable  property,  the  response  surface  methodology 
computer  package  is  developed  with  ease  of  user  interface  and 
minimum  programming  experience  as  primary  considerations. 
Another  requirement  to  meet  user  needs  is  that  the  computer 
package  be  portable  between  computer  systems  used  by 
simulation  models. 

Subobjectives  of  this  research  effort  are  as  followsi 

(1)  After  the  response  surface  is  generated,  search 
this  surface  for  the  combinations  of  pertinent  input 


parameters  that  yield  the  optimum  response, 


(2)  Interpret  how  the  response  function  reveals  the 
sensitivity  of  the  output  parameter  due  to  changes  in  input 
parameters,  and 

<3)  Illustrate  how  the  response  function  describes  the 
relative  ranking  of  effects  on  response  between  input 
parameters. 

Scope 

Limitations  exist  in  any  research  effort.  Some 
limitations  of  this  research  effort  are: 

(1)  The  controllable  factors  are  continuous,  or  if 
discrete,  for  arithmetic  purposes  it  is  reasonable  that  they 
can  be  assumed  to  be  continuous, 

(2)  There  is  a  single  output  specified  to  be  used  in 
the  analysis, 

(3)  The  user  will  be  allowed  to  vary  only  two  to  nine 
input  parameters, 

(4)  The  user  must  define  input  variables  in  terms  of  a 
high  and  low  value,  and 

(5)  Only  first-order  and  second-order  designs  will  be 
considered. 

Summary 

This  chapter  briefly  discussed  the  background,  problem 
statement,  research  question,  objectives,  and  scope 
pertaining  to  this  research  effort.  The  next  chapter 
discusses  the  literature  review  conducted  during  this 


I I  Literature  Ravi ew 

The  actual  programming  o-f  the  response  surface 
methodology  computer  package  requires  knowledge  ofi  (1) 
Computer  Simulation  Experiments,  (2)  Statistical  Experimental 
Design,  (3)  Response  Surface  Methodology,  (4)  Regression 
Analysis,  and  (5)  Applications  of  Response  Surface 
Methodology. 

Computer  Simulation  Experiments 

Before  discussing  simulation  experiment  objectives  and 
alternatives,  it  is  important  to  clarify  some  basic  terms. 

In  Hunter  and  Naylor's  article  "Experimental  Designs  for 
Computer  Simulation  Experiments",  they  define  simulation  as 
"...  a  numerical  technique  for  conducting  experiments  with 
certain  types  of  mathematical  models  describing  the  behavior 
of  a  complex  system  on  a  digital  computer  over  extended 
periods  of  time."  (28:423)  Because  simulation  models  are 
developed  to  copy  real-world  systems,  they,  themselves, 
became  very  complex. 

Simulation  models  are  characterized  by:  (1)  many 
variables  and  their  functions}  (2)  stochastic 
variables  and  their  distributions}  (3)  many 
parameters}  (4)  many  linkages  between  elements  of 
the  model}  (5)  nonlinearities}  (6)  assorted 
constraints}  and  (7)  a  response  (or  responses)  that 
may  or  may  not  have  a  time  path.  (28:423) 

This  quote  basically  means  that  a  simulation  model  has  a 

response  (or  responses)  which  is  dependent  upon  many 

different  factors.  Some  of  these  factors  are  deterministic 


(their  values  remain  constant)  and  some  are  stochastic  (their 


values  depend  on  probability  distributions).  Each  of  the 
factors  has  a  unique  effect  on  the  response  and  some  factors 
(or  all)  may  have  a  joint  effect  on  the  response.  There  may 
be  certain  constraints  included  in  the  model  which  restrict 
the  response  region  or  factors  included  in  the  model,  and  the 
response  may  vary  as  a  function  of  time. 

After  the  simulation  model  is  developed  and  validated 
(the  simulated  data  are  within  some  error  tolerances  of 
actual  and  historic  data  of  the  real-world  system),  the 
analyst  desires  to  answer  certain  questions  about  the  model, 
thereby  answering  questions  about  the  true  system.  To  quote 
an  article:  "The  experimenter  should  specify  his  objectives 
as  precisely  as  passible  to  facilitate  the  choice  of  a  design 
which  will  best  satisfy  his  objectives. "  (32:1332)  With  a 
simulation  model  two  main  objectives  can  be  identified:  (1) 
the  experimenter  wishes  to  find  the  combination  of  factor 
levels  at  which  the  response  variable  is  maximized  (or 
minimized)  in  order  to  optimize  some  process,  and  (2)  the 
experimenter  wishes  to  make  a  rather  general  investigation  of 
the  relationship  of  the  response  to  the  factors  in  order  to 
determine  the  underlying  mechanisms  governing  the  process 
under  study.  (32: 1333) 

The  two  mast  popular  techniques  used  to  analyze 
simulated  data  are  regression  analysis  and  analysis  of 
variance.  As  mentioned  previously,  the  objective  might  be  to 
explore  and  describe,  over  a  specified  experimental  region, 
the  response  surface,  or  the  objective  might  be  to  optimize 
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the  response  over  a  realistic  experimental  region.  In  either 
case,  to  satisfy  the  objective(s)  data  must  be  collected. 
These  data  consist  o-f  observations  of  the  response  at  various 
levels  of  each  of  the  factors.  The  typical  experimental 
designs  used  are:  full  factorial  designs,  fractional 
factorial  designs,  and  response  surface  designs.  (24t424) 

Experimental  Designs 

There  are  many  types  of  experimental  designs  available 
today.  The  majority  of  these  designs  can  be  classified  into 
one  or  more  of  the  following  groups:  single-factor 
experiments  like  randomized  block  and  latin  square  designs; 
factorial  experiments  (2*  and  3k>;  nested  and 
nested-factorial  experiments;  split-plot  factorial  designs; 
fractional  factorial  experiments  with  and  without  blocking; 
and,  response  surface  designs.  It  is  not  necessary  to 
discuss  in  detail  each  of  these  types  of  experimental 
designs,  because  excellent  texts  on  experimental  design  are 
readily  available,  including:  The  Design  and  Analysis  of 
Industrial  Experiments  published  in  1963  <10);  Cochran 
and  Cox's  classic  Experimental  Designs  of  which  several 
editions  are  available  (16);  and,  most  recently, 

Fundamental  Concepts  in  the  Design  of  Experiments  by 
Charles  Hicks  (25).  If  a  listing  of  experimental  design 


literature  is  needed,  although  published  in  1969,  Herzberg 
and  Cox's  "Recent  Work  on  the  Design  of  Experiments:  A 
Bibliography  and  a  Review"  is  a  superb  source.  Their  article 


groups  the  designs  within  the  bibliography  by  type  so  that 
articles  and  texts  dealing  with  a  particular  area  are  easily 
located.  (24) 

The  experimental  designs  pertinent  to  this  research 
effort  were:  factorial  designs,  fractional  factorial  designs, 
and  response  surface  designs.  To  reiterate,  the  purpose  of 
using  experimental  designs  in  simulation  is  to  minimize  the 
number  of  observations  needed,  and/or  minimize  the  error 
associated  with  the  results  obtained,  and/or  minimize  the 
chance  of  describing  the  surface  incorrectly.  At  the  same 
time,  the  experimenter  desires  to  obtain  results  which  will 
satisfy  his  objectives. 

Full  factorial  designs  and  fractional  factorial  designs, 
both  of  which  are  used  in  response  surface  methodology,  can 
be  used  with  both  qualitative  and  quantitative  factors.  When 
an  analysis  of  variance  technique  is  used,  qualitative 
factors  are  acceptable  because  the  objective  is  to  determine 
which  factors  have  a  significant  effect  on  the  response. 
However,  when  these  designs  are  used  to  fit  a  response 
surface,  the  factors  must  be  quantitative  (and  be  continuous 
or  have  enough  discrete  levels  so  that  the  factor  can  for  all 
practical  purposes  be  assumed  continuous). 

For  this  research  effort,  since  it  is  assumed  the 
response  surface  can  be  approximated  by  a  low  order 
polynomial,  designs  were  needed  which  permitted  fitting  a 
first-order  or  second-order  response  surface  over  the 
experimental  region.  For  example,  for  two  controllable 


-factors,  Xt  and  X3,  and  a  response  Y,  the  -first-order  model 
Mould  bes  Y=Bo  +  B1X1  +  B2X2  +  e,  where  the  e's  are  assumed 
to  be  identical,  independent  normally  distributed  errors  with 
mean  zero  and  variance  (T2.  Table  I  gives  the  equations  -for 
-first-order  and  second-order  models. 

The  designs  used  to  estimate  -first-order  models  are  the 
-full  2U  factorial  designs  and  the  fractional  2“  factorial 
designs.  The  controllable  factors  used  in  the  experiment  are 
input  at  2  levels  —  their  high  level  and  their  low  level. 

The  full  2k  factorial  design  requires  that  at  each 
combination  of  factor  levels  an  observation  of  the  response 
is  taken.  This  means  that  for  a  full  2**  factorial  design, 
two  raised  to  the  number  of  factors  observations  are 
required.  The  information  that  can  be  obtained  from  this 
quantity  of  runs  is  all  the  main  effects  and  all  the  possible 
interaction  effects.  For  instance,  in  a  three-factor  full 
factorial  experiment,  23  observations  would  be  taken. 
Estimates  could  be  obtained  for  the  relative  effects  on 
response  due  to  Xi,  X=,  and  X3.  Also,  estimates  could  be 
made  of  the  relative  effects  on  response  due  to  the 
two-factor  interactions  —  XiX2,  XiX3,  and  XzX3. 

Furthermore,  an  estimate  could  be  made  of  the  relative  effect 
on  response  due  to  the  three-factor  interaction  —  XiX2X3. 

The  problem  is  that  it  is  difficult  to  interpret  the  meaning 
of  high-order  interactions.  An  extreme  example  would  be  with 
five  factors.  The  number  of  observations  required  to  run  the 
full  factorial  experiment  would  be  32.  There  would  be  S  main 


TABLE  I 


Two-Variable  Designs 


First-order  assumed  model 
implicit  in  simulation  code 


Second-order  assumed  model 
implicit  in  simulation  code 


Estimated  Response  Surface  of  Y 
First-order  design 


Estimated  Response  Surface  of  Y 
Second-order  Design 


Key 

Y  -  the  assumed  true  responses  of  the  simulation  model 
Xi,X2-  the  two  factors  which  influence  the  response 

Bq  -  the  assumed  intercept  of  the  simulation  model 

B, ,  B  -  the  assumed  slope  coefficients  of  the  simulation 
1  1  model 

A 

Y  -  the  estimated  response  surface  of  Y 
bQ  -  the  estimated  intercept  of  Bq 

bf,  b 2  -  the  estimated  slope  coefficients  of  B^r  B£ 


Y=B„+B1X1+B„X0 
o  11  2  2 


Y=B  +B, X, +B_X»+B, , X, ' 
o  11  22  ill 

+B22X2  +B12X1X2 


Y=b  +b, X. +b0X_ 
o  11  2  2 


A  2 

Y-VblXl+b2X2+bllXl 

+b22X22+b12XlX2 
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effects,  <5*4)/2  =  10  two-factor  interactions,  (5*4*3) /6  ■  10 
three-factor  interactions,  <5*4*3*2)/24  =  5  four — factor 
interactions,  and  1  five-factor  interaction.  It  becomes  very 
difficult  to  describe  to  a  manager  or  even  another  analyst 
the  difference  between  a  five-factor  interaction  and  just 
plain  error  within  the  model.  To  estimate  a  first-order 
model  the  objective  is  to  estimate  the  overall  mean  plus 
estimate  only  the  linear  effects  of  each  of  the  factors.  If 
the  analyst  is  willing  to  accept  the  loss  of  information 
about  higher — order  interactions  much  fewer  experimental  runs 
will  be  adequate.  The  fractional  2“  designs  do  just  that. 

Outstanding  references  on  the  fractional  2U  designs 
include  Box  and  Hunter's  pair  of  articles  "The 

Fractional  Factorial  Designs:  Part  I  and  Part  II" 
(11,12)  and  Cochran  and  Cox's  Experimental  Designs  (16).  If 
just  a  listing  of  designs  is  needed.  Appendix  A  to  Chapter  B 
of  Experimental  Designs  (16)  lists  a  few.  If  a  more  complete 
listing  is  needed  the  government  publication.  Fractional 
Factorial  Experiment  Designs  for  Factors  at  Two  Levels  (22) , 
contains  fractional  designs  for  up  to  16  factors. 

In  Box  and  Hunter's  pair  of  articles,  they  describe  the 
fractional  2*  factorial  designs  needed  to  estimate  a 
first-order  model  as  Resolution  III  fractionals.  They  state 
that  designs  of  Resolution  III  are  designs  "in  which  no  main 
effect  is  confounded  with  any  other  main  effect,  but  main 
effects  are  confounded  with  two-factor  interactions  and 
two-factor  interactions  with  one  another."  (11:319)  What 
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this  means  is  that  effects  due  to  main  factors  can  be 


separated  from  one  another,  but  that,  as  a  result  of  reducing 
the  number  of  runs  taken,  all  the  other  possible  effects  are 
mixed  with  the  main  effects  and  each  other.  If  the  analyst, 
at  least  for  an  initial  experiment,  can  assume  interactions 
to  be  neglible  the  amount  of  runs  of  the  simulation  model  is 
drastically  reduced.  For  example,  in  a  six-factor  experiment 
for  the  full  factorial,  64  runs  are  required;  yet,  the 
resolution  III  fractional  design  is  1/8  of  the  full  design 
requiring  only  eight  runs.  This  reduction  in  number  of  runs 
required  is  a  significant  savings  of  computer  time.  If  an 
experimenter ,  because  of  the  variability  in  his/her 
simulation  model,  desires  to  take  five  repetitions  per  design 
point  in  order  to  better  estimate  what  the  real-world 
system's  response  would  be,  the  savings  for  six  factors  would 
be  48  runs  versus  384  runs. 

Designs  which  are  used  to  fit  second-order  models  are 
3k  full  factorial  designs,  fractional  3*  factorial  designs, 
simplex  designs,  central  composite  designs,  and  a  fairly 
recent  set  of  designs  derived  in  the  Box  and  Behnken  paper  in 
1960.  (7)  The  3*  full  factorial,  fractional  3*  factorial, 

and  central  composite  designs  are  relevant  to  this  research 
effort. 

The  response  surface  literature  suggests  using  central 
composite  designs,  because  in  an  experimental  series  the 
central  composite  designs  can  be  used  without  reobtaining  all 
the  design  points.  (4,10,13,14,16,26,30,36)  In  general,  the 
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central  composite  design  is  -formed  by  combining  three  parts. 
One  part  is  the  experimental  points  adequate  to  -fit  the  main 
effects  of  factors  and  all  two-factor  interactions  (a  2“  full 
factorial  or  a  resolution  V  fractional  factorial).  The 
second  part  is  added  axial  (or  star)  points,  and  the  final 
part  is  the  added  center  points.  The  resolution  V  fractional 
2 *  factorial  designs  are  defined  as  designs  "in  which  no  main 
effect  or  two-factor  interaction  is  confounded  with  any  other 
main  effect  or  two-factor  interaction  but  two-factor 
interactions  are  confounded  with  three-factor  interactions." 
(11:319)  These  designs,  as  well  as  the  others  used  in  this 
program,  will  be  detailed  in  the  section  on  design  generation 
of  the  program  description  chapter  (Chapter  IV) .  The 
important  aspect  of  central  composite  designs  is  that,  if  a 
first-order  design  has  already  been  run,  only  those  extra 
runs  included  in  the  central  composite  design  but  not 
included  in  the  first-order  design  need  to  be  run. 

The  full  3“  factorial  and  fractional  3*  factorial 
designs  are  similar  to  the  full  2*  factorial  and  fractional 
2“  factorial  designs.  In  the  3“  series  each  of  the  factors 
is  taken  at  three  levels.  For  the  full  designs,  the  number 
of  runs  required  in  order  to  gain  observations  at  each  of  the 
factor  level  combinations  increases  by  three  times  for  each 
factor  added.  For  two  factors,  nine  runs  are  required;  for 
three  factors,  27  runs  are  required;  for  four  factors,  81 
runs  are  required;  for  seven  factors,  2,187  runs  are 
required.  The  number  of  parameters  to  be  estimated  is  only 


one  (-for  the  intercept  term)  plus  the  number  of  factors  (for 
the  linear  effect  coefficients)  plus  the  number  of  factors 
again  (for  the  squared  effect  coefficients)  plus  the  number 
of  factors  minus  one  times  the  number  of  factors  divided  by 
two  (for  all  the  two-factor  interaction  coefficients) (i .e. 
l+k+k+ (k (k-1 ) /2) ) .  Even  for  seven  factors,  the  total  number 
of  coefficients  needed  to  be  estimated  is  only  36,  but  2,187 
runs  must  be  made,  each  a  certain  number  of  times  as  deemed 
necessary  by  the  analyst. 

The  alternative  to  using  the  full  31*  factorial  design  is 
to  use  the  fractional  3“  factorial  designs.  The  smallest 
fraction  that  can  be  used  is  one  which  estimates  main  effects 
and  all  two-factor  interactions.  An  example  of  the 
comparison  between  number  of  runs  required  is  for  seven 
factors.  The  full  factorial  requires  2,187  runs,  while  the 
1/9  fractional  design  requires  243  runs  —  a  significant 
reduction  in  the  number  of  runs  required.  An  excellent 
reference  for  fractional  3“  designs  is  the  government 
publication  by  Connor  and  Zelen,  Fractional  Factorial 
Experiment  Designs  for  Factors  at  Three  Levels  (17).  These 
designs,  the  full  3“  and  fractional  3“  designs,  were  stated 
to  be  inferior  to  the  central  composite  designs  for 
estimating  the  squared  coefficients.  (13,14,16,26,30) 
Nevertheless,  because  these  designs  are  so  widely  accepted 
and  used  in  computer  simulation  experiments,  this  response 
surface  methodology  package  offers  them  also. 

The  simplex  designs  were  not  recommended  in  the 


literature,  because  they  leave  no  degrees  of  freedom  to  test 
lack  of  fit,  and,  therefore,  they  were  not  programmed  into 
this  package.  (30:119) 

The  designs  proposed  by  Box  and  Behnken  were  not 
included  in  this  package.  (7)  To  date,  these  designs  have 
not  been  used  in  the  application  literature  for  stochastic 
simulation  experiments.  However,  at  a  later  date  this  set  of 
designs  should  be  added.  At  this  time,  though,  since  the 
user  has  the  option  to  input  his/her  own  design,  these 
designs  can  be  used  with  that  option.  Following  the  same 
line  of  reasoning,  the  user  who  is  knowledgable  about 
experimental  designs  may  want  to  confound  certain  effects  and 
not  others.  He/she  again  has  the  option  of  inputting  his/her 
own  design.  There  exists  much  literature  on  confounding 
schemes  in  experimental  designs,  some  of  which  is  included  in 
the  bibliography.  These  references  offer  the  user  interested 
in  these  types  of  designs  a  starting  point. 

To  summarize,  the  designs  offered  by  this  package  are 
the  full  2*  factorial,  the  fractional  2*  factorial,  the  full 
3“  factorial,  the  fractional  3K  factorial,  the  central 
composite  design,  and  the  user  input  design  option. 

Response  Surface  Methodology 

Response  surface  methodology,  RSM,  was  initially 
developed  and  described  in  a  paper  by  Box  and  Wilson, 


published  in  the  Journal  of  the  Royal  Statistical  Society  in 
1951  (14).  According  to  the  authors,  their  paper  came  about 


as  a  result  of  a  study  by  a  chemist  and  statistician 
extending  over  a  period  o-f  a  few  years.  To  quote  Box  and 
Wilson,  development  of  RSM  "has  come  about  mainly  in  answer 
to  problems  of  determining  optimum  conditions  in  chemical 
investigations,  but  we  believe  that  the  methods  will  be  of 
value  in  other  fields  where  experimentation  is  sequential  and 
the  error  fairly  small."  <1431)  Their  problem  was  to  develop 
the  best  method  to  obtain  optimum  conditions  by  the  process 
of  sequential  experimentation. 

Two  excellent  texts  containing  chapters  on  response 
surface  methodology  are  Experimental  Designs  by  Cochran  and 
Cox  (16)  and  a  book  on  the  design  of  experiments  authored  by 
a  team  of  Imperical  Chemical  Industries'  chemists  and 
statisticians  (10).  The  most  recent  and  thorough  book  on  RSM 
was  written  by  R.  H.  Meyers  in  1971,  titled  Response  Surface 
Methodology.  (30)  Meyers'  book  devotes  itself  to  all  the 
theoretical  background  needed  in  experimental  design  and 
regression  analysis  before  explaining  in  detail  the  aspects 
of  response  surface  methodology.  Some  superb  articles 
written  on  RSM  are  included  in  the  bibliography 
(4,8,11,12,13,24,26).  If  a  comprehensive  background  is 
desired.  Hill  and  Hunter  published  "A  Review  of  Response 
Surface  Methodology;  A  Literature  Survey"  in  Technometrics  in 
1966.  (26)  This  article  will  give  the  reader  a  good  starting 
point  for  literature  about  RSM. 

Before  continuing,  some  definitions  need  to  be  stated. 
These  definitions  are  taken  from  The  Design  and  Analysis  of 


Industrial  Experiments  (10) ;  nevertheless,  the  terms  have 
comparable  meaning  across  all  the  literature.  The  factors 
are  the  terms  which  influence  the  response.  The  response  is 
the  result  of  a  reaction  of  factors.  The  response  function 
is  a  mathematical  function  which  describes  the  relationship 
between  the  factors  and  the  response.  And  the  response 
surface  is  the  visual  relationship  (geometric  representation) 
between  the  response  and  the  factor  levels.  (10*496)  Figure 
1  is  a  two-dimensional  representation  of  these  terms  and 
Figure  2  is  an  illustration  in  three  dimensions. 


Figure  1.  Response  Observed  for  One  Factor 


Figure  1  shows  a  response  surface  for  one  factor,  Xi. 


The  response,  Y,  is  a  function  of  the  level  of  Xi  chosen. 
Therefore,  the  response  function  could  be  written  as  Y»f(Xi) 


where  f  (XJ  is  the  de-fining  mathematical  relationship  between 
Xi  and  Y.  For  example,  the  relationship  could  bet 
Y»Bo  +  B1X1  +  B„X,2. 

In  Figure  2,  the  response  is  dependent  upon  two  -factors, 
Xi  and  X2.  Wore  importantly,  the  response  surface 
illustrates  another  concept,  that  of  factor  dependence. 

Factor  dependence  is  the  interaction  between  factors.  The 
interaction  in  this  figure  is  positive;  in  other  words,  there 
is  synergism  between  factors  Xi  and  X2.  The  cooperative 
action  of  these  factors  produces  a  response  that  is  greater 
than  the  sum  of  the  responses  taken  independently.  For 
example,  the  response  function  for  Figure  2  could  bet 
Y  ®  Bo+B 1X1 +B2X2+B1  1X1 Z+B22X22+Bl2X 1X2 
where  the  term  B12X1X2  represents  the  positive  interaction 
effect. 

Also  illustrated  in  Figure  2  is  the  concept  of 
experimental  region.  The  factor  space  is  the  region  of  all 
possible  factor  combinations.  The  experimental  region  is 
that  region  of  the  factor  space  corresponding  to  factor 
combinations  of  potential  interest.  Also  in  the  previous 
hypothetical  equations,  the  coefficients  of  the  linear  terms 
represent  the  slope  of  the  plane  in  the  direction  of  their 
respective  variables.  The  coefficient  of  the  interaction 
term  represents  the  level  of  interdependence  between  the  two 
factors.  And  the  coefficients  of  the  squared  terms  account 
for  the  degree  of  curvature  in  the  response  surface  due  to 
their  respective  factors.  A  common  sense  conclusion  is  that 
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"as  larger  (experimental)  regions  of  the  factor  space  were 
considered,  so  polynomials  of  higher  degree  would  be  needed 
to  provide  a  reasonable  approximation  to  the  response 
surf ace. "  (10s 500) 

Response  Surface  Methodology  is  based  on  a  few 
fundamental  assumptions.  As  listed  in  Meyers*  text,  they 
are: 

1.  A  structure  Y=f (Xi ,X3, . . . ,X*)  exists  and  is 
either  very  complicated  or  unknown.  The  variables 
involved  are  quantitative  and  continuous. 

2.  The  function  f  can  be  approximated  in  the 
region  of  interest  by  a  low-order  polynomial 
(either  f irst-order  or  second-order ) . 

3.  The  independent  variables  Xi,X2,  ...  ,Xk  are 
controlled  in  the  observational  process  and 
measured  with  negligible  error.  (30:62) 

Accepting  these  assumptions,  as  previously  stated,  the  main 

objective  is  that  the  experimenter  is  concerned  with 

elucidating  certain  aspects  of  a  fundamental  relationship 

Y  =  f (X, ,X=, . . . ,Xk)  connecting  a  response,  Y,  with  levels  of 

a  group  of  k  quantitative  variables  or  factors,  X,,X2,  . .., 

Xk.  (4:16)  In  "The  Exploration  and  Exploitation  of  Response 

Surfaces:  Some  General  Considerations  and  Examples",  Box 

stresses  the  need  for  this  type  of  investigation. 

Approximate  determination  of  the  local  surface  and 
exploitation  of  the  local  factor  dependence  is 
essential  to  further  progress.  The  provision  of 
methods  for  doing  this  is  thus  extremely  important. 

The  advantage  to  the  experimenter  in  using  such 
methods  is  not  merely  that  fewer  experiments  are 
required  to  attain  a  given  result  which  could 
ultimately  have  been  reached  by  traditional 
methods,  but  that  a  result  can  be  obtained  that 
could  not  have  been  got  by  such  methods.  (4i2S) 

In  other  words,  if  the  one-factor — at-a-time  method  is  used. 


there  would  be  no  way  to  generate  the  function  for  Y 
depending  upon  all  the  factors.  It  would  not  be  possible  to 
gain  information  about  the  factor  interdependencies  existing 
within  the  complex  system.  Plus,  the  one-f actor-at-a-time 
method  requires  many  more  observational  runs)  and,  as 
previously  stated,  limits  the  amount  of  information  about  the 
system  which  can  be  obtained. 

To  reiterate,  following  the  acceptance  of  the  basic 
assumptions,  response  surface  methodology  is  basically  a 
combination  of  statistical  experimental  design  and  regression 
analysis  applied  in  an  iterative  process,  if  necessary. 

The  next  hurdle  is  to  decide  what  type  of  experimental 
design  to  use.  In  Box  and  Draper's  “A  Basis  for  the 
Selection  of  a  Response  Surface  Design"  (8) ,  the  authors 
discuss,  in  great  detail,  the  requirements  that  a  response 
surface  design  should  possess.  Another  good  article  to  read 
on  this  subject  is  Bax  and  Hunter's  "Multi-Factor 
Experimental  Designs  for  Exploring  Response  Surfaces".  (13) 
The  general  problem  is  choosing  a  design  such  that  the 

A 

polynomial  Y=f (Xi ,X=, . . . ,Xk)  in  the  k  continuous  variables 
fitted  by  the  method  of  least  squares  most  closely  represents 
the  true  function  Y=f (Xv ,X2, . . . ,X*)  over  some  "region  of 
interest"  in  the  factor  space.  Subject  to  this 

A 

representation,  there  is  a  high  chance  that  inadequacy  of  Y 
to  represent  Y  will  be  detected.  Without  going  into  the 
theoretical  detail  of  the  article,  the  authors  state  that 
when  the  observations  are  subject  to  error,  discrepancies 


between  the  fitted  polynomial  and  the  true  function  occur  due 
to  two  reasons! 

1)  error  due  to  sampling  (more  commonly  called  variance 
error) ,  and 

A 

2)  error  due  to  the  inadequacy  of  the  polynomial,  Y,  to 
exactly  represent  Y  (more  commonly  called  bias  error). 

(8:622) 

Suitable  requirements  for  response  surface  designs  as 
stated  in  the  literature  (4,8,10,13,14,16,30)  are: 

1)  the  design  should  allow  the  graduating  polynomial  of 
chosen  degree  to  represent  the  true  function  as  well  as 
passible  within  the  region  of  interest; 

2)  It  should  allow  a  check  to  be  made  on  the 
representational  adequacy  of  the  polynomial; 

3)  It  should  not  contain  an  excessively  large  number  of 
experimental  paints; 

4)  It  should  lend  itself  to  "blocking";  and 

5)  It  should  form  a  nucleus  from  which  a  satisfactory 
design  of  higher  order  could  be  built  in  case  the  polynomial 
of  degree  chosen  proved  representational ly  inadequate. 

Keeping  these  requirements  in  mind,  designs  appropriate 
for  fitting  first-order  models  are  illustrated  next.  The 
literature  states  that,  "the  experimental  plan  or  design 
which  minimizes  the  variance  of  the  coefficients  is  a  design 
which  is  orthogonal."  (30:109)  If  the  design  matrix  X  is 
orthogonal,  then  X'X  (X  transpose  times  X)  equals  a  diagonal 
matrix.  Table  II  is  an  illustration. 


TABLE  II 


The  orthogonal  designs  most  often  used  -For  -Fitting 
-First-order  models  are  the  -Full  2“  -Factorial  and  the 
fractional  2K  factorial  designs.  These  designs  satisfy  the 
requirement  to  minimize  variance  error,  but  what  about  bias 
error?  If  an  experimenter  is  positive  that  the  true  model  is 
first-order,  then  he  need  not  worry  about  biasing  or  aliasing 
his  first-order  coefficients.  However,  frequently  this  might 
not  be  known.  If  a  full  2k  factorial  is  used  to  fit  a 
first-order  model  in  the  presence  of  a  second-order  system, 
the  Bo  term  is  biased  by  the  squared  coefficients  not 
included  in  the  model  and  the  linear  terms,  Bi,  B=,  ...,  B* , 
remain  unbiased.  Meyers  states,  "For  this  reason  biasing  due 
to  higher — order  terms  should  be  considered,  and  a  first-order 
design  should  always  be  constructed  so  that  the  experimenter 
can  measure  lack-of-fit  of  the  postulated  model  and  be  able 
to  compare  this  contribution  with  mere  chance  variation  or 
pure  experimental  error."  (30:114)  The  solution  to  this 
problem  is  to  augment  the  center  of  the  design  with  a  certain 
number  of  points,  usually  four  center  points  in  the 
literature.  (10,14,16,25,30)  These  added  center  points,  say 
n2  of  them,  afford  the  experimenter  n2-l  more  degrees  of 
freedom  and  an  estimate  of  pure  error  in  the  experiment. 

From  these,  degrees  of  freedom  and  measurement  of  pure  error, 
the  experimenter  can  test  his  model  for  lack-of-fit  due  to  an 
inadequately  proposed  model.  For  example,  if  a  first-order 
model  is  postulated  and  the  lack-of-fit  test  is  significant 
then  the  experimenter  concludes  that  there  exist  higher-order 
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terms  in  the  system  (either  squared  or  interaction  terms  or 
both).  His/her  next  step  would  be  to  fit  a  higher — order 
model . 

Experimental  designs  for  fitting  a  second-order  response 
surface  must  involve  at  least  three  levels  of  each  variable 
so  that  all  the  needed  coefficients  in  the  model  can  be 
estimated.  The  experimental  design  should  be  chosen  on  the 
basis  of  its  relative  precision  in  estimating  the 
coefficients  and  the  amount  of  experimental  observations 
required.  (30:126)  As  previously  mentioned  in  the 
experimental  design  section,  the  full  31*  factorial  and  the 
fractional  3k  factorial  designs  could  be  used  for  this 
purpose.  The  drawback  of  these  designs  is  that  they  require 
an  excessive  amount  of  observations.  Box  and  Wilson,  in 
their  initial  paper  on  response  surface  methodology  in  1951, 
devised  a  workable  alternative  to  the  3k  series.  They 
developed  the  composite  designs,  of  which  a  subset  is  the 
class  of  central  composite  designs. 

The  central  composite  designs  are  first-order  factorial 
designs  augmented  by  additional  points  to  allow  estimation  of 
the  coefficients  of  second-order .  These  additional  points 
are  typically  called  axial  or  star  points.  Similar  to  the 
first-order  designs,  a  desired  number  of  center  paints  would 
be  added  to  the  design  to  enable  the  experimenter  to  test  for 
lack-of-f i t . 

Table  III  is  an  illustration  of  the  three-factor  central 
composite  design.  What  is  called  the  base  part  of  the  design 


TABLE  III 


Example  of  Three  Factor  Central  Composite  Design 


base  part  of 
design  is  full 
2**3  design 


X 


2  times  3 
number  of  axial 
point  rows 


9  added 
center  point 
rows 


Z1 

1 

1 


-1 

-1 

-1 

-1 

1 

1 

1 

1 

-1.682 

1.682 

0 

0 

0 

0 

0 

0 

0 

0 


-1 

-1 

1 

1 

-1 

-1 

1 

1 

0 

0 

-1.682 

1.682 

0 

0 

0 

0 

0 

0 


-1 

1 

-1 

1 

-1 

1 

-1 

1 

0 

0 

0 

0 

-1.682 

1.682 

0 

0 

0 

0 


is  the  -full  2“  design  or  -fractional  2**  design  which  can 

estimate  all  linear  effects  and  all  two-factor  interactions 

(commonly  referred  to  as  a  resolution  V  fractional 

factorial).  The  axial  part  of  the  design  allows  for 

estimates  of  the  squared  coefficients.  There  are  twice  as 

many  rows  of  these  as  there  are  factors,  and  they  are 

generated  as  in  Table  III.  The  constant  value  for  the  axial 

points  is  chosen  so  that  the  design  becomes  orthogonal  and 

rotatable.  The  formula  for  rotatability  is  that  the  constant 

in  the  axial  points  equals  two  to  the  power  of  the  number  of 

factors  divided  by  four.  Rotatable  designs  insure  that  the 

estimated  response  has  a  constant  variance  at  all  points 

which  are  the  same  distance  from  the  center  of  the  design. 

(10:195)  "If  there  are  many  replications  of  the  center  point, 

A 

the  standard  error  of  Y  is  low  at  the  center  and  increases 
rapidly  as  we  move  away  from  the  center."  (16:345)  If  only  a 
few  center  paints  are  used  the  opposite  will  occur.  In  Box 
and  Hunter's  paper,  they  suggest  that  the  number  of  center 
points  be  chosen  so  that  the  standard  error  of  the  estimated 
response  is  approximately  the  same  at  the  center  as  at  all 
points  on  the  circle  with  radius  one.  (16:346) 

The  proposed  design  to  use  for  second-order  models  in 
the  literature  is  the  orthogonal  rotatable  central  composite 
design.  This  design  lends  itself  well  to  sequential 
experimentation.  If  a  first-order  model  was  fit  with  a  full 
2U  design  or  fractional  2*  design  only  the  observations  at 
the  axial  and  center  points  would  have  to  be  taken. 
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Regressi on  Anal ysi s 


Entire  college  courses  have  been  devoted  to  teaching  the 
theory  and  application  of  Regression  Analysis.  Hundreds  of 
textbooks  have  been  written  on  the  subject.  It  is  not  the 
purpose  of  this  section  to  explain  in  great  detail  the 
theoretical  and  mathematical  aspects  of  regression  analysis; 
rather,  this  section  is  more  for  the  purpose  of  summarizing 
conceptually  the  ideas  associated  with  regression  analysis. 

If  a  more  detailed  description  is  needed,  Draper  and  Smith's 
Applied  Regression  Anal ysi s  (21)  is  an  excellent  reference. 

In  any  system  in  which  variable  quantities  change,  it  is 
of  interest  to  examine  the  effects  that  some  variables  exert 
on  others.  Sometimes  there  may  be  a  simple  functional 
relationship  between  variables,  but  most  of  the  time  this  is 
not  true.  Often  there  exists  a  relationship  which  is  too 
complex  to  express  in  simpler  terms.  In  this  situation  we 
may  want  to  approximate  this  relationship  by  a  simple 
mathematical  function.  For  instance,  one  might  choose  a 
polynomial  which  contains  the  proper  variables  and  which 
graduates  or  approximates  the  true  complex  function  over  some 
limited  range  of  the  variables  involved.  If  this 
mathematical  function  is  an  adequate  approximation,  it  may  be 
examined  and  certain  important  underlying  relationships  and 
interdependencies  among  variables  may  be  revealed.  (21:2) 

There  are  two  types  of  variables  in  regression  analysis, 
independent  variables  and  dependent  variables.  Independent 
variables  are  those  variables  which  can  be  controlled  and  set 


to  particular  values  or  those  variables  which  can  not  be 

controlled,  but  which  can  be  noted  at  particular  levels. 

These  independent  variables,  as  they  change  values  or  levels, 

have  an  effect  on  dependent  or  response  variables. 

The  objective  in  regression  analysis  is  to  determine  the 

'best'  linear  (in  the  parameters)  relationship  between  a  set 

of  independent  variables  and  their  associated  dependent 

variables  (refer  back  to  Table  I).  The  analytical  technique 

employed  to  find  this  'best'  linear  fit  is  called  the  method 

of  least  squares.  This  method  minimizes  the  sum  of  the 

squared  deviations  about  the  regression  line. 

In  matrix  notation,  suppose  m  is  the  number  of 

observations  and  n  is  the  number  of  independent  variables. 

A 

The  experimenter  wants  to  fit  the  linear  relationship  Y  «* 
bo  +  biX>  +  ...  +  bnXn  +  e.  Assume  that  that  the  errors  are 
independent  identically  distributed  normal  with  mean  zero  and 
variance  some  (f3.  The  algorithm  to  determine  the  vector  of 
beta  estimates  is: 

XB  *  Y  [Y  is  in  by  1,  X  is  m  by  <n+l)l 

X'XB  a  X'Y  CB  is  <n+l>  by  11 

(X'X)-1 <X'X)B  =  <X'X)“lX'Y 

The  least  squares  estimates  of  B  are  given  by:  b= (X'X)_1X'Y. 

A  more  detailed  description  of  the  actual  procedure  used 
in  this  program  is  included  in  the  program  description 
chapter. 

Applications  of  Response  Surface  Methodology 


Many  applications  o-f  RSM  have  been  made  in  the  classical 
experimental  lab  situation.  In  this  situation  physical 
reactions  are  measured  in  a  highly  controlled  environment. 
Typical  areas  where  this  situation  has  occurred  are  tool-life 
testing,  chemistry,  and  food-stuffs.  The  literature  survey 
by  Hill  and  Hunter  contains  many  of  these  type  applications. 
(26) 

More  pertinent  to  this  research  effort  are  those 
applications  of  RSM  to  simulation  models.  Unfortunately, 
since  most  of  the  RSM  techniques  are  applied  uniquely  to  each 
simulation  model,  there  are  not  many  applications  published 
in  the  literature.  One  application  which  has  been  published 
was  written  by  Huf schmidt  and  is  titled  "Analysis  of 
Simulation:  Examination  of  Response  Surface".  This 
application  is  included  as  a  chapter  in  the  book  Design  of 
Mater — Resource  Systems.  (27)  His  stochastic  simulation  was  a 
model  of  a  simplified  river — basin  system.  The  abjective  of 
the  study  was  to  locate  the  optimal  region  for  operability. 

He  used  both  systematic  sampling  and  random  sampling 
techniques  to  locate  this  region.  At  the  same  time 
suboptimal  regions  were  explored  by  response  surface 
methodology  to  flag  which  variables  had  the  most  impact  on 
net  benefits.  So  RSM  in  combination  with  sampling  techniques 
was  used  to  locate  the  optimal  region  for  system  operability. 
(27) 

A  recent  article  titled  "A  Variance-Reduction  Strategy 
for  RSM  Simulation  Studies"  by  Cooley  and  Houck  was  published 


in  1982.  They  state  that  "the  application  of  optimization 
techniques  in  digital  simulation  experiments  is  frequently 
complicated  by  the  presence  of  large  experimental  variances." 
(19:303)  They  state  that  even  though  RSM  has  been  applied 
successfully  in  many  other  experimental  environments,  it  has 
not  been  widely  accepted  in  simulation  studies.  In  their 
article  they  propose  using  a  combination  of  two  techniques  of 
variance  reduction  —  assignment  of  common  pseudo-random 
number  streams  and  the  assignment  of  antithetic  pseudo-random 
number  streams  - —  in  response  surface  methodology  analyses  of 
simulation  models.  To  demonstrate  the  application  and 
benefits  of  their  proposed  assignment  procedure,  they  include 
an  example  of  a  simulation  model  of  an  inventory  system. 
Similar  to  Hufschmidt's  article,  their  main  objective  is  to 
use  RSM  in  an  optimization  process.  They  fit  the  initial 
experimental  region  with  a  first-order  model,  use  the  method 
of  steepest  ascent  to  direct  them  to  a  more  optimal  region, 
then  refit  a  first-order  model  in  the  second  region.  As  they 
approach  the  optimal  region,  the  first-order  model  no  longer 
demonstrates  an  adequate  fit;  subsequently,  they  fit  a 
second-order  model.  Once  again  they  proceed  to  a  more 
optimal  region.  This  iterative  process  continues  until  the 
optimal  has  been  reached.  (19) 

In  1976,  Dennis  Smith  wrote  a  response  surface 
methodology  program  which  was  presented  at  the  November  3-5 
□RSA/TIMS  Joint  National  Meeting.  His  program  is  titled 
"Automated  Response  Surface  Methodology  in  Digital  Computer 


Simulation"  and  the  paper  that  describes  his  program  is 
"Optimization  of  a  Computer  Simulation  Response".  (36,37,38) 
His  paper  summarizes  the  optimum-seeking  problem  in 
simulation  studies,  reviews  the  framework  of  RSM,  and 
describes  his  automated  RSM  computer  program,  which  was 
developed  as  an  alternative  to  manual  applications  of  RSM  in 
the  optimization  process.  Basically,  the  program  follows  the 
same  iterative  procedure  that  Cooley  and  Houck's  article 
described.  First,  he  fits  an  initial  experimental  region 
with  a  first-order  model  using  a  full  2 **  factorial  design  or 
a  fractional  2k  factorial  design.  He  then  uses  the  steepest 
ascent  procedure  to  move  in  the  direction  of  the  optimal 
region.  When  the  first-order  model  is  determined  to  exhibit 
a  significant  lack-of-fit,  a  second-order  model  is  fit,  using 
only  the  orthogonal  rotatable  central  composite  design.  The 
final  output  is  the  estimated  equation  of  the  response 
function  in  the  optimal  region  and  the  optimal  value.  Smith 
has  available  two  versions  of  this  program,  an  unconstrained 
version  and  a  constrained  version.  In  other  words,  if  the 
user  has  certain  constraints  applicable  to  his  system  that 
are  not  contained  within  the  simulation  model,  they  can  be 
accounted  for  in  the  optimization  process.  Once  again,  the 
main  objective  is  to  solve  the  simulation  model  optimization 
problem. 

Summary 


The  purpose  of  this  chapter  was  to  briefly  describe  all 


the  areas  required  when  using  RSM.  Hopefully,  these 
discussions  will  enable  the  user  to  understand  the 
conceptualization  of  RSM  in  simulation  studies,  not  only  from 
the  viewpoint  of  optimization  but  also  for  the  purpose  of 
elucidating  underlying  mechanisms  of  the  real-world  system, 
thus,  enabling  the  analyst  to  answer  as  many  questions  as 
possible  about  the  system. 


II  Desian  Considerations 
Any  development  process  involves  careful  consideration 
of  all  aspects  which  could  influence  the  outcome.  The 
purpose  of  this  section  is  to  address  the  initial  issues 
which  guided  the  developmental  phase  and  the  implementation 
of  the  response  surface  methodology  package. 


User  Consi derations 

Anytime  a  software  package  is  to  be  used  by  people 
unfamiliar  with  the  program,  special  consideration  within  the 
program  must  be  given  to  user  interface.  The  programmer  must 
be  sensitive  to  the  inexperienced  programmers  and  users  that 
are  unfamiliar  with  the  operating  system  who  will  desire  to 
use  the  software  package.  The  user  of  the  program  should  not 
be  required  to  know  all  the  detailed  theory  involved  or  be 
expected  to  change  parts  of  the  software  to  be  able  to  use 
it.  However,  if  a  knowledgable  user  should  desire  to  add 
enhancements  or  change  some  of  the  program  limitations, 
he/she  should  be  able  to  do  so  without  too  much  trouble. 

With  these  ideals  in  mind,  a  software  package  such  as 
this  should  provide  for  understandable  input.  The  input 
required  should  be  minimal  and  simple.  This  type  of 
requirement  suggests  a  menu-driven  package  which  enables  the 
user  to  enter  input  after  each  question  and,  if  the  question 
is  answered  incorrectly,  to  try  again.  The  input  required 
should  progress  in  a  logical  sequence  so  that  the  infrequent 
or  less  knowledgable  user  will  not  become  confused  and 


anxious  about  the  purpose  or  order  of  the  input  needed. 
Complete  echoes  of  the  user's  input  should  be  displayed  on 
the  screen  to  strengthen  the  user's  confidence  in  his/her 
ability  to  use  the  program.  When  the  program  is  completed, 
the  output  displayed  should  be  readable  and  organized. 

Proper  labels  and  format  should  be  used  to  ensure  that  the 
user  knows  exactly  what  each  piece  of  output  means  and  its 
significance.  If  all  these  precautions  are  followed,  the 
package  developed  will  have  a  much  better  chance  of  being 
used  because  the  user  will  feel  comfortable  with  the 
questions  and  information  asked  of  him/her  and  the  program 
output  will  be  meaningful. 

Hardware  Considerations 

This  software  package  was  developed  with  the  desire  for 
it  to  be  mobile  from  one  computer  system  to  the  next. 
Regardless  of  this  underlying  goal,  an  operating  system 
needed  to  be  chosen  for  package  development  and  illustration. 
The  two  choices  available  to  the  author  are  the  Cyber  and  the 
Vax  11/780.  It  was  decided  to  develop  the  program  on  the 
Vax.  For  the  package  to  be  used  with  other  operating 
systems,  the  only  commands  requiring  change  are  those  which 
open  and  read  permanent  files  and  those  which  open  and  create 
permanent  files.  The  statements  are  listed  and  discussed  in 
the  user  manual  chapter. 

For  the  experienced  analyst  who  desires  to  use  another 
regression  package  or  statistical  program  instead  of  the  one 
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included  in  the  program,  the  RSM  program  creates  and  writes 
the  design  matrix  augmented  with  the  data  observations  to  a 
permanent  -file.  The  format  of  this  file  is  included  in  the 
user  manual  chapter,  and  this  file  can  be  transferred  to 
another  system  which  offers  statistical  packages  or  can  be 
used  by  the  analyst  for  any  desired  purpose. 

Language  Considerations 


When  choosing  a  computer  language  to  program  the 
package,  thought  was  given  to  language  capability  and 
acceptability  of  the  language.  The  two  scientific  languages 
possible  for  use  were  FORTRAN  and  PASCAL.  FORTRAN  is  more 
widely  used  and  accepted  in  the  scientific  community;  thus, 
it  was  decided  that  FORTRAN  was  the  language  best  suited  to 
be  used  in  the  program.  Additionally,  since  FORTRAN  V  (more 
commonly  called  FORTRAN  77)  is  well  suited  for  structured 
programming,  this  version  was  selected  for  use  in  the 
package. 


Program  Description 


This  chapter  describes  the  computer  program  and  is 
organized  as  follows:  (1)  Development  Approach,  <2>  Input 
Requirements,  (3)  Experimental  Design  Phase,  (4)  Intermediate 
Subroutines,  (5)  Regression  Phase,  (6)  Subsequent 
Subroutines,  (7)  Program  Verification  and,  (8)  Program 
Limitations.  Appendix  B  contains  the  entire  program 
listing. 

Development  Approach 

One  of  the  main  objectives  of  this  response  surface 
methodology  computer  package  is  that  the  program  be 
relatively  easy  to  understand.  In  other  words,  the  program 
flow  needs  to  proceed  in  a  logical  sequence  corresponding 
with  problem  conceptualization.  Figure  3  is  a  flow  diagram 
of  the  main  program.  This  flow  diagram  illustrates  the 
logical  sequence  of  the  computer  package.  First,  all  the 
required  user  input  is  initiated.  Next,  the  program  enters 
the  design  generating  phase.  This  phase  consists  of  the 
subroutines  needed  to  generate  the  first-order  and 
second-order  designs  available  to  the  user  —  namely, 
subroutines  FULL2K ,  RES3,  FULL3K,  CCD,  FRAC3K,  and  USER.  The 
intermediate  subroutines  follow  the  generation  of  the  design 
desired  by  the  user.  These  subroutines  obtain  the  simulation 
model  responses  needed  to  calculate  the  response  surface 
estimate.  They  convert  the  design  matrix  into  values  the 
simulation  model  can  accept,  obtain  the  simulation  model 
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go  to  start 


Figure  3.  Flow  Diagram  of  Main  Program 
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responses  associated  with  different  combinations  of  factor 
levels  and  replicate  the  number  of  times ,  calculate  the 
average  simulation  model  responses  depending  on  the  number  of 
replications  per  factor  level  combination,  and  write  the 
design  matrix  augmented  with  the  simulation  model  response 
averages  to  a  permanent  file  which  can  be  used.  If  the  user 
inputs  to  stop  after  this  phase,  the  program  ends. 

Otherwise,  the  program  enters  the  regression  phase.  This 
phase  performs  the  regression  by  the  method  of  least  squares 
and  prints  all  the  appropriate  output  such  as  coefficient 
estimates,  standard  errors  of  the  estimated  coefficients,  an 
analysis  of  variance  (ANOVA)  table,  and  all  required  test 
statistics  to  evaluate  the  estimated  response  surface.  The 
subroutines  UNCODE  and  COPY  follow  the  regression  phase.  The 
UNCODE  subroutine  decades  the  coefficient  estimates  obtained 
in  the  regression  phase.  The  decoded  coefficient  estimates 
are  in  terms  of  the  input  factor  ranges  rather  than  in  terms 
of  the  factor  ranges  implicit  in  the  generated  design  matrix. 
After  decoding  the  coefficient  estimates,  the  subroutine 
prints  them  beneath  the  output  printed  during  the  regression 
phase.  Finally,  the  subroutine  COPY,  copies  the  design 
matrix  and  the  vector  of  average  responses  obtained  from  the 
simulation  model  to  different  storage  locations.  If  the  user 
wants  to  run  the  program  again  and  some  of  the  combinations 
of  factor  levels  in  the  design  matrix  are  the  same  as 
previously  required,  the  corresponding  average  response 
obtained  earlier  can  be  used  again,  saving  the  user  runs  of 


the  simulation  model.  This  main  program  executive  structure, 
-flowing  -from  one  phase  to  the  next,  lessens  the  amount  of 
detail  the  user  needs  in  order  to  efficiently  use  the 
program. 

Input  Requirements 

More  detailed  instructions  on  setting  up  the  program  to 
run  with  a  simulation  model  are  included  in  Appendix  A,  the 
user  manual.  Discussed  in  this  section  are  the  inputs 
required  after  the  program  is  set  up  and  ready  to  run. 
Referring  back  to  Figure  3,  all  of  the  user  input  is  entered 
first.  Questions  are  displayed  on  the  screen  for  the  user  to 
answer  to  satisfy  the  input  requirements  for  the  program. 
Fallowing  the  main  program  diagram,  the  input  requirements 
are:  (1)  input  the  number  of  factors  to  be  used,  (2)  for 

each  of  these  factors,  input  the  maximum  and  minimum  levels, 

(3)  from  the  design  types  listed,  choose  the  design  desired, 

(4)  input  the  number  of  repetitions  desired  per  factor  level 
combination,  (5)  input  whether  a  mistake  was  made  and  new 
start  is  desired,  and  (6)  input  if  the  regression  package 
offered  by  this  program  is  desired  or  want  to  stop  after 
average  simulation  model  responses  are  obtained  and  use 
written  file  'MATRIX'  to  perform  your  own  analysis.  If  any 
of  these  inputs  are  incorrect,  the  range  of  possible  correct 
inputs  is  displayed  and  the  user  is  requested  to  respond 
again. 


Experimental  Design  Phase 


This  section  -first  describes  each  o-f  the  design 
generation  subroutines.  Fol lowing  the  subroutine 
descriptions,  a  comparison  between  the  number  of  observations 
required,  depending  on  the  design  type,  is  given.  Finally, 
this  section  discusses  the  verification  process  used  for  the 
design  generation  phase.  Appendix  C  contains  the  listing  of 
all  the  designs  used  in  this  program. 

FULL2K  Subroutine.  Figure  4  is  the  flow  diagram 
for  the  FULL2K  subroutine.  The  first  operation  is  to 
calculate  the  dimensions  to  be  used  by  the  design  matrix. 

The  number  of  rows  equals  2**  while  the  number  of  columns 
equals  k+1,  where  k  is  the  number  of  factors.  Next,  the 
matrix  of  proper  dimensions  is  initialized.  After  this,  the 
first  column  of  all  ones  is  generated  to  be  used  to  estimate 
the  intercept  term  in  the  regression  phase.  Next,  all  the 
rest  of  the  columns  are  created  according  to  the  pattern 
required  for  generating  full  2*  designs  (refer  to  design 
listings  in  Appendix  C) .  Following  the  generation  of  the 
full  2%  center  point  rows  are  added  to  allow  for  a  test  of 
lack-of-fit  of  the  proposed  model  which  estimates  the 
response  surface  implicit  in  the  simulation  model.  The 
observations  obtained  at  the  center  points  enable  an  estimate 
of  pure  error  to  be  obtained.  The  remaining  amount  of 
residual  error  is  attributable  to  lack-of-fit  of  the  proposed 
model  due  to  higher — order  terms  or  interaction  terms  not 
included.  These  calculations  are  discussed  in  further  detail 
in  the  regression  phase  section  of  this  chapter.  After  the 


center  point  rows  are  added,  the  generation  of  the  full 
2I<  design  needed  is  complete. 

RES3  Subroutine.  A  flow  diagram  of  the  RES3 
subroutine  is  given  in  Figure  5.  In  general,  this  subroutine 
generates  the  resolution  III  fractional  2**  factorials 
required  from  rows  of  a  l/16th  replication  of  the  full 
29  design  matrix.  All  of  these  designs  for  two  to  nine 
factors  are  listed  in  Appendix  C  with  their  corresponding 
references.  To  generate  these  designs,  first  the  file 
'RESTHREE'  is  opened.  This  file  contains  the  l/16th 
fractional  2*’.  If  the  number  of  factors  input  are  two  or 
three,  there  is  no  resolution  III  fractional.  Therefore,  for 
the  number  of  factors  equal  to  two  or  three,  the  subroutine 
calls  the  FULL2K  subroutine  to  generate  the  design  matrix  and 
then  returns  to  the  main  program.  If  the  number  of  factors 
is  greater  than  three,  the  subroutine  copies  the  applicable 
rows  from  file  'RESTHREE'  into  the  design  matrix.  After  all 
the  rows  are  added  to  the  resolution  III  design,  four  center 
point  rows  are  added  to  make  it  possible  to  give  an  estimate 
of  pure  error.  These  center  point  rows  complete  the  design 
generation. 

FULL3K  Subroutine.  Figure  6  is  the  flow  diagram 
of  the  FULL3K  subroutine.  This  subroutine  generates  the  full 
3><  design  matrix  needed,  depending  on  the  input  number  of 
factors.  If  the  number  of  factors  is  greater  than  five,  this 
subroutine  is  not  allowed  to  be  used.  The  user  is  informed 
to  use  either  the  central  composite  design  or  the  fractional 


Figure  5.  Flow  Diagram  of  RES 3  Subroutine 
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3“  design  offered,  and  is  permitted  to  reselect  the  design 
type  desired.  Also,  if  the  number  of  factors  is  greater  than 
five,  the  user  is  informed  where  to  change  this  limitation, 
if  desired.  If  the  number  of  factors  is  less  than  or  equal 
to  five,  the  routine  starts  to  generate  the  design  matrix 
needed.  First,  the  dimensions  of  the  matrix  are  calculated, 
the  number  of  rows  equals  31*  and  the  number  of  columns  equals 
l+2k+ (k Ck-1 ) /2) .  One  column  is  for  the  intercept,  k  columns 
are  for  the  linear  effects  of  the  factors,  k  columns  are  for 
the  factor  squared  effects,  and  k(k-l)/2  columns  are  for  all 
the  two-factor  interactions.  Similar  to  the  generation  of 
the  full  2k  designs,  the  matrix  is  initialized  next,  then, 
the  first  column  of  ones  is  generated,  followed  by  the  rest 
of  the  design,  generated  according  to  the  pattern  for 
3“  designs  (refer  to  Appendix  C  for  the  design  listings). 
After  the  generation  of  the  base  design,  the  columns  to 
estimate  squared  terms  and  interaction  terms  are  formed. 

These  are  formulated  by  multiplication  of  the  appropriate 
columns.  When  these  columns  are  completed,  four  center  point 
rows  are  added  so  pure  error  of  the  proposed  second-order 
model  can  be  estimated. 

CCD  Subroutine.  The  flow  diagram  for  the  central 
composite  design  subroutine  is  pictured  in  Figure  7. 
Basically,  this  subroutine  generates  the  ccd  designs  in  three 
stages.  The  first  stage  generates  what  is  called  the  base 
part  of  the  design,  the  resolution  V  fractional  factorial 
needed  to  estimate  linear  and  all  two-factor  interaction 
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terms.  Next,  tha  rows  of  the  axial  (star)  points  needed  to 
estimate  the  squared  terms  are  added.  The  final  stage  adds 
the  desired  number  of  center  points  to  estimate  pure  error, 
while  at  the  same  time,  retaining  orthogonality  and 
rotatability.  Referring  to  Figure  7,  the  subroutine  first 
opens  the  file  'RESFIVE'  and  initializes  the  biggest  matrix 
needed.  If  the  number  of  factors  is  less  than  or  equal  to 
four,  the  subroutine  calls  the  subroutine  FULL2K  to  generate 
the  base  part  of  the  design,  since  there  is  no  resolution  V 
fractional  for  four  or  less  factors  that  can  estimate  all 
linear  and  two-factor  interaction  terms.  Once  this  full 
2“  factorial  is  generated,  far  four  or  less  factors,  the 
subroutine  goes  directly  to  the  next  stage,  adding  the  axial 
rows.  For  five  or  more  factors,  the  subroutine  copies  the 
proper  rows  (depending  on  the  number  of  factors)  from  the 
file  'RESFIVE',  which  is  a  l/4th  replicate  of  a  full  2‘5>. 
These  rows  will  make  up  the  resolution  V  base  design  part. 

The  next  stage  is  adding  the  axial  rows  needed  to 
estimate  the  squared  effects.  The  axial  rows,  as  discussed 
in  Chapter  2,  are  formed  according  to  the  following  pattern 
for  three  factors: 

-<*0  0 
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The  number  of  axial  rows  is  twice  the  number  of  factors.  Th 
is  chosen  so  that  the  central  composite  design  retains  the 


desired  properties,  orthogonality  and  rotatability. 
Specifically,  oC= 2 For  each  half  replicate,  one  would  be 
subtracted  from  the  numerator.  For  example,  when  k  equals 
five,  a  1/2  replicate  is  used  for  the  base  design,  thus  << 

-2 <=~1  >  Table  IV  lists  the  appropriate  U. -values  for  two 

to  nine  factors.  After  the  2k  axial  rows  are  added,  the 
center  point  rows  are  added.  Table  IV  lists  the  proper 
number  of  center  point  rows  needed  for  two  to  nine  factors, 
dependent  upon  the  size  replicate  that  is  used  as  the  base 
part  of  the  design. 

This  program  uses  the  smallest  replicate  of  the  full 
2U  design  that  still  allows  estimation  of  all  linear  and 
two-factor  effects.  The  fractions  used  in  this  program  are 
annotated  in  Table  IV.  The  proper  number  of  center  points  is 
crucial  to  retaining  orthogonality  and  rotatability,  and 
Table  IV  shows  how  the  required  number  of  center  points 
changes  depending  on  the  replicate  used  as  the  base  design. 
The  calculation  of  the  squared  and  interaction  columns 
follows  the  generation  of  the  center  point  rows.  The  code 
which  generates  these  columns  is  identical  to  that  used  in 
the  FULL3K  subroutine. 

FRAC3K  Subroutine.  Figure  8  is  the  flow  diagram  for  the 
FRAC3K  subroutine.  If  k<4,  the  subroutine  calls  the  FULL3K 
subroutine,  since  no  fraction  of  the  full  3*,  for  k<4,  exists 
which  can  estimate  all  linear,  squared,  and  interaction 
terms.  If  k>5  the  number  of  rows  are  determined.  Next,  the 
first  column  of  ones  needed  to  estimate  the  intercept  is 
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generated.  After  generating  this  column  of  ones,  the  next  k 
columns  are  generated  for  each  row  depending  on  the  rows 
included  from  the  full  31*  design.  Refer  to  Appendix  B,  the 
program  listing,  for  the  algorithm  used  to  generate  the  base 
design.  After  the  base  design  is  generated,  the  columns 
required  to  estimate  squared  and  two-factor  interaction 
effects  are  calculated  in  the  same  manner  as  they  were  in  the 
RJLL3K  and  CCD  subroutines.  The  last  procedure  to  complete 
the  fractional  3“  design,  is  to  add  the  center  point  rows  to 
enable  a  pure  error  estimate  to  be  made. 

USER  Subroutine.  The  flow  diagram  for  the  USER 
subroutine  is  shown  in  Figure  9.  First,  this  subroutine 
prints  directions  on  how  the  user  should  input  his/her 
desired  design.  The  next  input  required  is  the  number  of 
rows  and  the  number  of  columns.  Following  this  input,  the 
user  inputs  the  design  by  rows  according  to  the  prompt 
messages.  After  the  entire  design  is  input,  the  program 
prints  an  echo  check  for  the  user  to  verify  his/her  design 
input.  The  subroutine  then  returns  control  of  the  package  to 
the  main  program. 


Comparison  of  Observations  Required  by  Designs.  Each  of 
the  designs  offered  by  this  program  has  its  advantages  and 
disadvantages.  The  biggest  problem  for  simulation  model 
experimental  designs  is  the  number  of  observations  required. 
In  a  complex  simulation  model,  the  experimenter  wants  to  gain 
as  much  information  as  possible  with  the  least  possible 


expenditure  of  time  and  effort.  The  more  variable  the 
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simulation  modal,  the  more  repetitions  per  design  point  that 
will  have  to  be  taken.  Table  V  lists  the  required  number  of 
mean  observations,  dependent  upon  the  number  of  factors  and 
design  type  chosen.  The  amount  of  care  that  should  be  used 
in  selecting  the  design  type  is  directly  proportional  to  the 
number  of  factors  used  in  an  experiment.  Suppose  a 
simulation  model  has  significant  variation  in  its 
observations  as  a  result  of  many  stochastic  processes 
involved,  thus  five  replications  need  to  be  made  per 
observation.  A  first-order  design  is  needed  and  there  are 
eight  factors  to  be  tested.  To  run  this  RSM  program  and  use 
the  full  2m  design  Mould  require  1280  separate  simulation 
runs.  Whereas,  to  use  the  smallest  fraction  of  the  full 
2s  needed  to  estimate  linear  effects  Mould  require  only  80 
runs. 

For  the  second-order  designs,  the  differences  betMeen 
the  number  of  runs  required  by  design  types  is  much  greater. 
For  this  reason,  the  full  3*  design  is  not  alloMed  to  be 
selected  for  a  number  of  factors  greater  than  five.  The  user 
needs  to  give  careful  consideration  to  design  type  and  number 
of  replications  desired  before  input  of  the  design  type 
desired. 

Verification  of  Design  Generation  Phase.  The  design 
generation  phase  of  this  program  Mas  verified  by  tMo 
processes.  All  the  designs  offered  by  this  program  are 
nearly  orthogonal.  For  a  design  to  be  orthogonal  there  are 
three  requirements: 


TABLE  V 


Number  of  Points  Needed  by  Design  Type 


k 

2 

3 

4 

5 

6 

7 

8 

9 

*full2k 

4 

8 

16 

32 

64 

128 

256 

512 

*res3 

4 

8 

8 

8 

8 

8 

16 

32 

**full3k 

9 

27 

81 

243 

729 

2187 

6561 

19683 

**ccd 

16 

23 

36 

36 

59 

100 

100 

177 

**f rac3k 

_ ; 

9 

27 

81 

81 

243 

243 

243 

243 

*  first-order  designs 
**  second-order  designs 
fu!13k  not  offered  for  kSl6 


1)  The  dot  product  of  any  two  columns  must  equal  zero, 

2)  The  sum  of  the  squares  of  column  entries  for  any 
column  must  be  equal  to  the  total  number  of  rows,  and 

3)  The  sum  of  the  column  entries  for  any  column  must 
equal  zero.  (30: 109) 

The  algorithms  that  were  used  to  generate  all  the  offered 
designs  (discussed  in  the  previous  sections)  were  developed 
in  such  a  way  that,  if  an  error  was  made  in  generating  a 
design  for  a  particular  number  of  factors,  an  error  would 
also  be  made  in  at  least  one  other  design  in  the  same  set, 
but  for  a  different  number  of  factors.  It  was  determined 
that  since  several  of  the  designs  would  be  incorrect  if  the 
design  generation  phase  proved  to  have  an  error  that  an 
adequate  check  would  be  to  verify  the  requirement  that  the 
dot  product  of  any  two  columns  is  equal  to  zero.  The 
exception  to  this  rule  is  that  in  the  second-order  designs, 
the  dot  product  of  the  squared  columns  and  the  column  of  ones 
used  to  estimate  the  intercept  is  not  equal  to  zero. 

However,  for  any  of  the  first  k+1  columns  the  dot  product  is 
equal  to  zero.  Thus,  if  a  design  is  generated  correctly  an 
adequate  check  is  that  the  sum  of  all  passible  dot  products 
of  the  k+i  columns  would  equal  zero.  If  any  dot  product  was 
not  equal  to  zero,  the  sum  would  not  equal  zero  and  the 
design  generated  would  be  incorrect.  To  check  this  sum  of 
dot  products,  a  dot  product  check  program  was  written  to  use 
with  any  of  the  designs  for  the  k+lst  columns.  When  this 
program  was  run  with  the  generated  designs,  the  sum  for  each 


checked  correctly.  To  check  the  remaining  columns  of  the 
second-order  designs,  the  multiplication  of  proper  columns 
was  evaluated  and  all  of  the  remaining  columns  for  the 
second-order  designs  checked  out  correctly. 

The  second  process  used  for  verification  of  the  design 
generation  phase  involved  a  significant  effort.  All  the 
generated  designs  from  the  sets  full  2* ,  fractional  2*,  full 
3%  and  central  composite  design  for  two  to  nine  factors  were 
checked  by  hand.  All  these  generated  designs  checked  out. 
Since  the  fractional  3**  set  contained  such  large  designs  a 
complete  check  by  hand  was  not  feasible.  However,  spot 
checks  were  made  throughout  the  fractional  3“  design  set  for 
two  to  nine  factors.  The  spot  checks  revealed  no  errors. 

These  two  processes  were  used  in  conjunction  with  one 
another  to  verify  the  program's  design  generation  phase. 

Intermediate  Subroutines 

There  are  five  intermediate  subroutines.  They  are:  (1) 
CCJMPAR,  (2)  CODE,  (3)  SIMRUIM,  (4)  MEAN,  and  (5)  WRITE. 

CDMPAR  Subroutine.  Figure  10  is  the  flow  diagram  for 
the  COMPAR  subroutine.  Basically  this  subroutine  compares 
the  generated  design  matrix  for  this  program  run  with  the 
previously  used  generated  design  matrix.  If  two  rows  of  both 
design  matrices  are  identical,  and  have  not  been  identified 
before  in  this  subroutine,  the  average  response  obtained  from 
running  the  simulation  model  previously  can  be  used  again. 

The  identified  average  response  is  then  copied  into  the 


Figure  10.  Flow  Diagram  of  COMPAR  Subroutine 


corresponding  average  response  vector  -For  the  row  which  does 
not  have  to  be  run  again.  After  every  comparison  is  made, 
the  subroutine  returns. 

CODE  Subroutine.  The  flow  diagram  -for  this  subroutine 
is  depicted  in  Figure  11.  The  purpose  of  the  CODE  subroutine 
is  to  code  the  design  matrix  into  a  matrix  that  has  the 
factors  at  the  levels  needed  for  the  simulation  model. 

First,  the  ranges  and  averages  for  each  factor  are  calculated 
according  to  the  formulas: 

range (factor )  =  maximum (factor >  -  minimum (factor > 

ave(factor)  =  (maximum (factor )  +  minimum (factor) ) /2. 

Then  the  new  elements  for  the  coded  matrix  are  calculated  by 
the  formula: 

new  element  «=  old  element  *  range  (factor ) /2  + 
ave (factor) . 

Following  the  coding,  the  subroutine  returns  to  the  main 
program. 

S I MRUN  Subroutine.  Figure  12  is  the  simple  flow  diagram 
of  the  SIMRUN  subroutine.  This  subroutine  calls  the  SIM 
subroutine  written  by  the  user.  In  other  words,  for  each 
combination  of  factor  levels  needed,  this  subroutine  calls 
SIM  and  obtains  responses  for  the  number  of  repetitions 
desired  by  the  user. 

MEAN  Subroutine.  Figure  13  is  the  flow  diagram  for  the 
MEAN  subroutine.  This  subroutine  calculates  the  mean  of  each 
row  of  a  matrix.  In  particular,  this  subroutine  calculates 
the  mean  of  the  repetition  responses  obtained  for  each  row  of 
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WRITE  Subroutine.  Figure  14  is  the  flow  diagram  for 
this  subroutine.  First,  the  file  'MATRIX'  is  opened,  then 
the  subroutine  augments  the  design  matrix  on  the  right  with 
the  vector  of  average  responses  obtained.  Next,  the 
subroutine  writes  the  design  matrix,  augmented  with  the 
average  response  vector,  to  the  permanent  file  'MATRIX'  with 
proper  format.  This  file,  'MATRIX',  can  now  be  used  as  data 
in  a  statistical  package  of  the  user's  choice. 

Regression  Phase 

This  section  will  discuss  the  regression  phase  in  six 
parts:  (1)  least  squares  procedure,  (2)  discussion  of  flow 

diagram,  (3)  determining  lack-of-fit,  (4>  test  statistic 
calculations,  (5)  regression  output,  and  (6)  verification  of 
regression  phase. 

Least  Squares  Procedure.  The  classical  method  of 
fitting  data  is  used  in  this  program.  This  method  was 
discussed  in  Chapter  2,  Literature  Review,  and  is  called  the 
method  of  least  squares.  Basically,  the  input  needed  is  the 
design  matrix,  named  X  in  this  phase,  and  the  vector  of 
average  responses  obtained  from  running  the  simulation  model 
called  Y.  The  estimated  coefficients  of  the  first-order  and 
second-order  models  are  found  by  the  equation  b« (X 'X> -1X 'Y. 
To  calculate  the  sum  of  squares  due  to  the  regression,  the 
equation  is  SSreg=b'X'Y  and  the  total  sum  of  squares  equals 
SStot»Y’Y.  These  equations  and  other  equations  pertinent  to 
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output  statistics  are  discussed  in  the  following  sections. 

Discussion  of  Flow  Diagram.  Figure  IS  is  the  flow 
diagram  of  the  REGRES  subroutine.  The  first  procedure  is  to 
calculate  the  degrees-of -freedom  for  normal  least  squares 
procedure  —  total  degrees-of -f reedom,  regression 
degrees-of -freedom,  and  residual  degrees-of -freedom.  The 
next  five  steps  describe  the  calculations  necessary  to 
determine  b  from  b=(X 'X) -1X 'Y.  All  of  the  operations  — 
transpose,  multiply,  and  inverse  calculations  are  performed 
by  calls  to  subroutines  with  appropriately  passed  arguments. 
The  inverse  subroutine  was  taken  from  Elementary  Numerical 
Analysis!  fin  Algorithmic  Approach,  published  in  1980  (18). 

The  next  three  boxes  generalize  the  operations  to 
calculate  the  sum  of  squares  due  to  regression.  Following 
this,  the  subroutine  calculates  the  sum  of  squares  total 
uncorrected  for  the  mean,  and  the  difference  between  the 
total  sum  of  squares  and  the  regression  sum  of  squares  is  the 
sum  of  squares  due  to  the  residual.  The  corresponding  mean 
squares  are  then  calculated  by  dividing  each  sum  of  squares 
by  its  applicable  degrees-of -freedom.  The  next  procedure  is 
to  calculate  the  estimated  variances  of  the  coefficients 
<var <b) » (X ' X) -1MSres)  and  their  estimated  standard  errors 
(s.e.  (b)*»  var(b)).  After  this,  the  t-statistics  are 
calculated  (t=b/s. e. (b) ) .  Next,  the  sum  of  squares  total  and 
sum  of  squares  regression  (corrected  for  the  mean)  are 
calculated  .  These  will  be  used  later  to  calculate  the 


Rsquare  value  for  the  model,  that  is,  the  percentage  of 
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variation  in  the  responses  accounted  for  by  the  model. 

The  next  two  blocks  describe  the  calculations  needed  to 
determine  lack-of-fit  statistics.  These  will  be  discussed  in 
more  detail  in  a  following  section.  The  last  blacks  show  the 
calculation  of  statistics  needed  to  allow  the  user  to 
evaluate  the  estimated  model  adequacy.  The  following  are 
questions  to  be  answered.  How  well  does  the  model  explain 
the  variation  in  the  responses?  Is  the  estimated  model  a 
'good  fit'  of  the  model  implicit  in  the  simulation  code?  Are 
there  higher  order  terms  that  should  be  included  to  depict 
the  variable  relationships  embedded  in  the  computer  model? 
Following  the  calculation  of  the  statistics  needed  to  answer 
these  questions,  the  regression  subroutine  ends  by  printing 
the  regression  output. 

Determining  Lack-of-Fi t .  Each  of  the  generated  designs 
has  a  certain  number  of  center  point  rows.  These  center 
point  raws,  as  mentioned  previously,  give  an  estimate  of  the 
pure  error  in  the  simulation  model.  Figure  16,  taken  from 
Applied  Regression  Analysis  <21s29> ,  depicts  the  breakup  of 
residual  sum  of  squares  into  its  component  parts,  pure  error 
sum  of  squares  and  lack-of-fit  sum  of  squares.  The  pure 
error  sum  of  squares  calculated  is  the  total  sum  of  squares 
at  the  center  points  minus  the  correction  factor  for  the  mean 
at  the  center  paints  (SSpe-Y ' Y-nlY3) ,  where  nl  is  the  number 
of  center  paints,  Y  is  the  mean  response  of  the  center 
points,  and  Y  are  the  responses  obtained  at  the  center  point 
rows.  The  lack-of-fit  sum  of  squares  is  obtained  by 


subtraction  <SS1  ac=SSres-SSpe)  .  The  sum  of  squares  due  to 
pure  error  estimates  (T 3  and  the  sum  o-f  squares  due  to 
lack-o-f— fit  estimates  plus  a  bias  term  i-f  higher  order 

terms  should  have  been  included  in  the  proposed  model.  The 
test  statistic  used  to  test  -for  lack-o-f— fit  is  addressed  in 
the  next  section. 

Test  Statistic  Cal cul ati ons.  The  test  statistics 
provided  by  this  program  are  t-statistics  -for  each  o-f  the 
estimated  coe-f-f icients,  an  F-statistic  -for  the  regression 
model,  an  F-statistic  -for  lack-o-f— f it ,  and  an  Rsquare 
statistic.  The  t-statistics  are  calculated  by  t=b/s.e. (b) . 
Also  listed  are  the  degrees-o-f— freedom.  With  these  two 
numbers,  the  user  can  look  up  the  critical  value  in  a 
t-table,  and  at  a  chosen  oC-level,  conclude  whether  or  not 
each  coefficient  is  significantly  different  from  zero.  The 
F-statistic  for  the  regression  model  and  the  F-statistic  for 
the  lack-of-fit  are  calculated  by  these  equations: 
Freq=MSreg/MSres,  and  FI ac=MSl ac/MSpe.  They  are  also  given 
with  their  associated  degrees-of-f reedom  listed  beside  them. 
Again,  this  enables  the  user  at  a  chosen  cC- level  to  find  the 
critical  values  and  conclude  whether  the  regression  model 
proposed  is  significant  and  whether  the  lack-of-fit  of  the 
proposed  model  is  significant.  The  Rsquare  equals 
SSregc/SStotc.  The  interpretation  is  as  discussed 
previously.  Rsquare  is  the  percentage  of  variation  in  the 
responses  accounted  for  by  the  regression  model  proposed. 

Regression  Output.  An  example  of  some  sample  output  is 
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given  in  Table  VII  included  in  the  verification  section  which 
follows.  Table  VI  shows  how  the  output  is  listed  and  also 
includes  the  equations  used  for  all  the  calculations.  These 
equations  will  give  the  user  further  understanding  of  the 
least  squares  procedure  used. 

Regression  Phase  Verification.  A  significant  amount  of 
effort  was  involved  in  checking  out  this  routine,  since  it 
used  many  other  subroutines.  As  a  result,  a  great  deal  of 
time  was  initially  spent  checking  passed  arguments  and 
correct  functioning  of  each  subroutine  called.  Once  all  the 
subroutines  called  checked  out,  the  verification  process  for 
this  regression  phase  was  essentially  one  of  comparison.  In 
the  article  by  Cooley  and  Houck  <19) ,  they  use  a  modified 
response  surface  methodology  technique  with  a  simulation 
model  to  determine  the  optimum  response.  They  included  in 
their  article  the  design  matrices  and  average  responses 
obtained  for  first-order  and  second-order  models.  Their 
ANOVA  table  and  estimated  coefficients  are  slightly 
different,  due  to  the  fact  that  they  subtracted  out  the  block 
effect  due  to  their  variance  reduction  technique. 
Nevertheless,  since  their  study  and  corresponding  data  were 
real,  their  data  were  used  as  a  check-out  for  this  routine. 
Table  VII  shows  the  design  matrix  used  and  the  corresponding 
average  responses  obtained  from  their  simulation  runs.  This 
data  from  their  article  were  used  as  data  for  this  regression 
routine,  and  also  were  used  with  the  SPSS  regression  package. 
Table  VIII  is  the  output  generated  from  the  regression  phase 


TABLE  VI 


Regression  Output  Equations 


ANOVA  for  Response  Surface  Methodology 

Source 

d.f . 

SS 

MS 

Regression 
Residual 
Pure  Error 
Lack  of  Fit 

n 

m-n 

nl-1 

m-n- (nl-1 ) 

b'X'Y 

Y' Y-b'X' Y 

Y 1  Y-nl  i 
difference 

b'X'Y/n 

(Y'Y-b'X'Y) / (m-n) 
SSpe/ (nl-1) 

SSlac/ (m-n- (nl-1) ) 

Total 

m 

Y'Y 

F-statistic  for  Regression  Model  =  ~  F.  . 

^  MSres  (n,m-n) 

F-statistic  for  Lack-of-Fit 

%  Variance  Explained  -  R2  (corrected)  -  ffUff 


=  MSlac  ^ 

MSpe  ~  r  (m-n-nl+1 ,nl 


Beta  Estimates 

standard  error (b) 

t-statistic 

b  (0) 

b  (0) 

m 

s  .  e .  (b  (0)  ) 

b  (1 ) 

=2xiYi 

b  (1) 

s  .e . (b  (1)  ) 

X(xi2) 

V (b) = (X 1 X) -1MSres 

b  (n) 

b(n) 

Z(xn2) 

s .  e .  (b  (n) ) 

t-statistics  » 


T 

(m-n) 


TABLE  VII 

Data  Used  for  Regression  Verification 


Design  Matrix 
1  -1  -1 
1-11 
11-1 
111 
10  0 
10  0 
10  0 
10  0 


Average  Responses 
6276.72 

4853.87 
2661.70 
3194.98 
3760.15 

3461.88 
3343.83 
3657.06 


First-Order  Data 


Design  Matrix 

Average  Responses 

1 

-1 
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1 

1 

6276.72 
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1 

1 

1 

3194.98 

1 

-1.414 
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2 

0 
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1 

1.414 
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2 

0 

0 

3112.45 

1 

0 

-1.414 

0 

2 

0 
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1 

0 
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0 

2 

0 

3814.52 

1 

0 

0 

0 

0 

0 

3760.15 

1 

0 

0 

0 

0 

0 

3461.88 

1 

0 

0 

0 

0 

0 

3343.83 

1 

0 

0 

0 

0 

0 

3657.06 

1 

0 

0 

0 

0 

0 

3608.6 

1 

0 

0 

0 

0 

0 

3042.61 

Second-Order  Data 


of  this  program  and  Table  IX  the  output  generated  from  the 
SPSS  regression  package  for  the  first-order  model  given  by 


Y-B0+B1X1+B2X2.  The  estimated  coefficients  are  the  same,  and 
their  associated  standard  errors  are  also  the  same.  Since 
the  t-statistic  is  the  square  root  of  the  F-statistic,  the 
statistics  given  for  the  estimated  coefficients  all  check. 

The  residual  sum  of  squares  and  mean  square  checks  out  with 
the  SPSS  output.  In  SPSS,  the  regression  sum  of  squares  is 
given  corrected  for  the  mean.  The  correction  factor  is 
mY3=8x (3901 . 274) 3  and  the  difference  between  SSreg  in  this 
package  and  mY3  is  SSreg  in  the  SPSS  printout.  The 
F-statistic  for  the  regression  model  in  this  package  was  the 
same  as  given  in  the  SPSS  package.  The  Rsquare  value  checked 
as  well.  All  calculations  checked  out  with  a  first  order 
model.  This  same  comparison  procedure  was  used  with  the 
central  composite  design  and  corresponding  average  responses 
from  the  same  article  to  check  this  routine  with  a 
second-order  model.  The  output  from  this  regression  routine 
and  the  SPSS  check  are  given  in  Table  X.  Again,  all  the 
calculations  in  this  routine  checked. 

Subsequent  Subroutines 

Fallowing  the  regression  phase,  the  only  processes  left 
undone  are  the  uncoding  (flow  diagram  shown  in  Figure  17)  of 
the  estimated  coefficients  and  the  copying  of  the  generated 
design  matrix  and  corresponding  average  responses  to  other 
storage  locations  to  be  accessible  for  comparison  purposes, 
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The  reason  for  the  UNCC3DE  subroutine  is  basically  the 
problem  that  the  estimated  coefficients  from  the  regression 
routine  are  in  terms  of  the  design  matrix.  For  example,  a 
one  in  the  design  matrix  stands  for 

1= (high (factor) -ave (factor) ) /range (factor) /2) . 

The  estimated  coefficients  need  to  be  translated  into 
coefficients  that  reflect  the  proper  ranges  of  the  input 
factors.  For  example,  refer  to  the  data  used  to  obtain  the 
regression  output  in  Table  X.  Factor  1  had  high  and  Iom 
values  of  100  and  50,  respectively.  240  and  160  were  the 
high  and  low  values  of  factor  2.  Therefore,  the  ranges  and 
averages  of  the  factors  were: 

ave ( X i ) =75  ave (X*) =200 

range  (XJ  =50  range  (X3)  =80 

range (Xi ) /2=25  range (X3> /2=40 

In  the  design  matrix  the  coding  was  as  follows: 
for  Xx:  1= ( 100-75) /25 
0=( 75-75) /25 
-1= (50-75) /25 
for  Xz:  1= (240-200) /40 
0= (200-200 )/40 
-1=( 160-200) /40 

The  estimated  regression  equation  in  terms  of  the  design 
matrix  was: 

Y  =  3479.02539  -  1238.10889X1  +  1.94879X2  +  666.43396X 
+  28.92819X2  +  489.03253X.X-  . 


This  equation  needs  to  be  uncoded  to  be  in  terms  of  the 
original  -factors.  The  algorithm  which  accomplishes  this  is 
as  fallows: 

Yw=  3479.02539  -  1238.10889  (X>2~75)  +  1.94879  (^q— ) 

+  666.43396  2  +  38.92819  (~ ^q°°)  2 

+  489.03253  (^-~75)  (^~.) 

The  UNCODE  subroutine  which  calculates  the  new  estimated 
coefficients  in  terms  of  the  original  factors  was  checked  out 
by  hand  and  printed  traces.  Table  XI  shows  the  uncoded 
estimates  for  both  the  first-order  model  and  the  second-order 
model  obtained  in  Tables  VIII,  IX,  and  X. 

The  COPY  subroutine  performs  one  function  —  copies  any 

V 

matrix  'A'  to  a  matrix  'B'.  This  subroutine  is  called  twice 
at  the  end  of  the  main  program.  The  first  time  is  to  copy 
the  design  matrix  'A'  to  matrix  'AA'.  Next,  it  is  called  to 
copy  the  matrix  of  average  responses  'YAVE'  to  matrix 
'YYAVE'.  Both  of  these  copied  matrices  are  used  in  the 
subroutine  COMPAR,  if  the  program  is  sequentially  run. 


Verification  of  Entire  Program 

The  program  verification  was  performed  in  stages.  As 
discussed  previously,  each  main  section  was  checked 
individually.  The  design  generation  phase  was  the  first 
section  of  the  program  written.  It  was  checked  out  following 
its  completion  by  the  methods  discussed  in  the  design 
verification  phase  section.  Likewise,  the  regression  phase 


Uncoded  Beta  Estimates 


b  (  0)  = 

B96B. 66992 

b  (  1 )  = 

-52.73911 

b  (  2)  = 

-5.559B1 

First-Order 

Uncoded 

Beta  Estimates 

b  <0>  = 

.214902070e 

b  <  1 )  = 

-307.2750244 

b  (2)  = 

-46.3607712 

b  <  1 , 1 )  = 

1.0662943 

b (2,2) = 

.0243301 

b(l ,2>= 

.4890325 

Second-Order 


was  verified  as  discussed  earlier.  To  verify  the  entire 
program  flow  certain  processes  during  execution  needed  to  be 
checked.  Was  the  design  type  requested  generated  correctly? 
Was  the  generated  design  matrix  coded  to  inputs  that  the 
simulation  model  could  accept?  Were  the  average  responses 
for  each  combination  of  factor  levels  needed  obtained?  Was 
the  permanent  file  'MATRIX'  written  and  does  it  contain  all 
the  correct  information?  If  the  regression  portion  was 
desired  did  the  REGRES  subroutine  perform  all  the  operations 
correctly?  A  method  was  needed  to  check  all  these  processes 
simultaneously.  The  Cooley  and  Houck  article  (19)  contained 
the  data  as  they  proceeded  though  their  response  surface 
experimentation.  For  their  first-order  model  they  used  the 
full  2“  design  with  four  added  center  points.  The  number  of 
factors  was  two  so  that  the  total  number  of  rows  in  the 
design  for  the  first-order  phase  was  eight.  They  listed 
their  high  and  low  values  for  each  factor.  They  are  as 
follows: 


high 

low 

factor 

Xi: 

100 

50 

factor 

X2S 

240 

160 

These  high  and  low  levels  given  for  each  factor  defined  the 
coded  design  matrix  that  would  be  input  into  their  simulation 
model.  They  listed  this  coded  design  matrix  as  well  as  the 
obtained  average  responses  from  their  simulation  model  runs. 
These  data  were  used  to  check  the  RSM  program  for  a 
first-order  model.  The  subroutine  SIM  listed  in  Figure  18 


subroutine  sim (c , y 1 , j , k) 

*  This  subroutine  is  for  a  check  with  dummy  data 

integer  j,k 

real  c <300,300) ,yl ,t 

t=.  1 


if  (c(j,l)  .eq.  50.  .and.  c(j,2)  .eq.  160.)  then 
y 1=6276. 72 

else  if  (c(j,l)  .eq.  50.  .and.  c(j,2)  .eq.  240.)  then 
y 1=4853. 87 

else  if  (c<j,l)  .eq.  100.  .and.  c(j,2)  .eq.  160.)  then 
y 1=2661 . 70 

else  if  <c<j,l)  .eq.  100.  .and.  c(j,2)  .eq.  240.)  then 
y 1=3194. 98 

else  if  (c(j,l)  .eq.  75.  .and.  c(j,2)  .eq.  200.)  then 
yl=3760. 15 

else  if  (c(j,l)  .eq.  75.  .and.  c<j,2)  .eq.  200.)  then 
y 1=3461. 88 

else  if  (c(j,l)  .eq.  75.  .and.  c(j,2)  .eq.  200.)  then 
y 1=3343. 83 

else  if  (c(j,l)  .eq.  75.  .and.  c(j,2)  .eq.  200.)  then 
y 1=3657. 06 

else  if  (c<j,l)  .eq.  39.65  .and.  c(j,2)  .eq.  200.)  then 
y 1=6386. 47 

else  if  (c(j,l)  .eq.  110.35  .and.  c(J,2)  .eq.  200.)  then 
y 1=31 12. 45 

else  if  (c(j,l)  .eq.  75.  .and.  c(j,2)  .eq.  143.44)  then 
y 1=3174. 38 

else  if  <c(8,l)  .eq.  75.  .and.  c(j,2)  .eq.  256.56)  then 
y 1=3814. 52 

else  if  (c(j,l)  .eq.  75.  .and.  c(j,2)  .eq.  200.)  then 
y 1=3608. 62 

else  if  (c(j,l)  .eq.  75.  .and.  c(j,2)  .eq.  200.)  then 
y 1=3042. 61 

else 

print  *,'sim  not  working  correctly' 

endi  f 
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gives  the  average  response  that  would  have  been  obtained  from 
their  simulation  model  if  a  particular  combination  of  -factor 
levels  was  used  as  input.  If,  when  this  RSM  program  is  run, 
correct  average  responses  are  obtained  for  particular 
combinations  of  factor  levels  then  this  program  is  generating 
the  correct  design  matrix  and  the  corresponding  correct  coded 
design  matrix.  Correct  average  responses  were  obtained  and 
the  generated  designs  during  the  intermediate  processes  were 
printed  for  debugging  purposes.  Table  XII  is  the  data  that 
were  generated  during  execution  of  the  RSM  program.  These 
data  all  checked  with  the  data  from  the  Cooley  and  Houck 
article.  A  second-order  model  check  was  performed  in  the 
same  manner.  Again  they  were  testing  two  input  factors;  but, 
the  central  composite  design  they  used  during  experimentation 
contained  six  center  points,  whereas,  the  central  composite 
design  for  two  factors  offered  by  the  RSM  program  uses  nine 
center  points.  Because  of  this  discrepancy,  the  user  input 
design  subroutine  was  used  to  input  the  needed  design  matrix. 
Table  XIII  lists  the  data  generated  during  the  execution  of 
the  RSM  program.  All  these  generated  data  from  the  RSM 
program  checked  with  the  data  used  in  the  Cooley  and  Houck 
study.  From  this  set  of  checks  the  internal  processes  of  the 
program  were  verified. 

Program  Limitations 

Inherent  in  any  research  effort  are  limitations.  The 
limitations  present  during  this  research  covered  three  areas: 


First-Order  Model  Check 
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computer  system  limitations,  time  constraints,  and 
limitations  of  computer  code. 


The  limitations  of  any  computer  system  on  which  this 
program  is  used  deal  with  the  amount  of  core  allowed  to  run  a 
single  program  and  the  inability  of  the  system  to  restart 
jobs  following  system  downtimes.  The  Vax  11/780  does  not 
allow  enough  core  to  run  this  program  with  the  matrices 
declared  large  enough  for  512  raws  (needed  to  run  the  full 
2*’) .  This  allotted  core  space  will  differ  from  system  to 
system,  and  matrix  dimensions  will  have  to  be  changed 
accordingly.  Also,  if  the  system  goes  down  while  the  program 
is  running,  it  cannot  be  started  where  it  left  off.  The 
program  must  be  run  from  start  to  finish  to  retain  the 
information  needed  to  produce  the  program  output.  From 
system  to  system  the  methods  for  opening  and  closing 
permanent  files  will  differ,  and  the  open  statements  present 
in  this  program  will  need  to  be  changed. 

Several  enhancements  could  be  added  to  this  program  to 
make  it  more  useful  and  flexible,  but  could  not  be  added 
during  this  research  effort  due  to  lack  of  time.  An 


optimization  phase  could  be  added  after  the  regression  phase 
to  locate  the  maximum  or  minimum  of  the  estimated  response 
surface.  If  the  optimum  occurred  at  a  boundary  of  the  input 
experimental  region,  the  user  could  sequentially  shift  the 
experimental  region  without  having  to  stop  and  restart  the 
program  each  time.  Also,  at  this  time,  the  program  only 
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-factors  allowed  could  bs  increased  as  an  snhancsmsnt.  A 
furthsr  enhancement  might  bs  to  offsr  a  sat  of  designs 
capable  of  accounting  for  a  block  effect.  Adding  this  type 
of  provision  Mould  require  revision  of  the  design  generation 
phase  and  the  regression  phase. 

Other  limitations  deal  with  creating  unlimited  numbers 
of  files  and  storage  locations  during  program  execution.  At 
this  time,  during  the  COPY  subroutine,  the  design  matrix  'A' 
is  always  copied  to  'AA'  and  the  average  responses,  'YAVE', 
are  always  copied  to  'YYAVE'.  This  means  that  *AA'  and 
'YYAVE '  always  contain  the  most  recently  used  design  matrix 
and  obtained  average  responses.  Thus,  in  the  COMPAR 
subroutine,  the, comparison  is  only  between  the  generated 
design  matrix  for  this  present  run  and  the  generated  design 
matrix  for  the  most  recently  completed  run.  Similar  to  this 
file  problem  is  the  creation  of  the  permanent  file  'MATRIX*. 
Every  time  the  program  is  executed,  the  generated  design 
matrix,  augmented  with  the  corresponding  average  responses 
obtained,  is  written  to  the  file  'MATRIX'  to  be  used  if 
desired.  Each  time  this  program  is  run,  the  file  'MATRIX'  ii 
overwritten.  Even  though  limitations  exist  inherently  in 
this  program,  the  benefits  of  program  usage  far  outweigh  the 
limits.  The  next  chapter  describes  the  application  of  this 
RSM  program  to  a  simulation  model. 


This  chapter  discusses  the  actual  application  of  the 
response  surface  methodology  program  to  a  simulation  model. 
This  application  is  discussed  in  four  sections:  (1) 
Description  of  Simulation  Model,  (2)  Analysis  Objectives,  (3) 
Problem  Setup,  and  <4)  Program  Output. 

Description  of  Simulation  Model 

The  simulation  model  chosen  was  a  combined  SLAM 
(Simulation  Language  for  Alternative  Modeling)  network- 
FORTRAN  discrete  event  model.  This  simulation  model  was 
developed  by  Joseph  Bryant  and  Stephen  Gordon  as  their  thesis 
effort.  (15)  The  purpose  of  their  study  was  to  develop  a 
cargo  aircraft  scheduling  model  that  incorporated  user  needs 
to  evaluate  the  end  user  satisfaction.  They  developed,  by  a 
modified  worth  assessment  technique,  estimates  of  the 
relative  worth  of  each  supply  category.  Table  XIV  depicts 
the  general  worths  for  each  supply  class  generated  by  the 
modified  worth  assessment  procedure  used. 

To  measure  overall  airlift  score,  they  calculated  a 
score  for  each  simulation  run.  This  overall  score  was 
basically  calculated  as 
class  IX 

Score  =  ( (actual . /desired . )  x  W.)  . 

i=class  I  1  11 

A  simplified  definition  is:  for  each  supply  class  the  actual 

level  delivered  was  divided  by  the  desired  level  and 


multiplied  by  the  assessed  worth.  The  score  for  each  supply 
class  is  then  combined  into  an  overall  supply  score. 

The  input  for  the  simulation  model  is  a  multiplier  set 
for  the  supply  classes.  This  multiplier  set  adjusts  each 
initial  unweighted  priority.  The  resulting  weighted  priority 
is  entered  into  the  scheduling  process.  Intuitively,  if  the 
worth  values  are  input  as  the  multiplier  set,  the  overall 
score  should  be  a  maximum.  This  does  not  occur.  Because  of 
the  queueing  buildups,  when  the  multipliers  are  input  as 
their  assessed  worth  values,  the  score  is  subopt imal. 

Analysis  Objectives 

As  a  result  of  this  queueing  buildup,  it  is  desirable  to 
find  out  how  the  response  surface  is  responding  to  differing 
supply  class  priorities.  The  factors  which  have  the  most 
impact  on  the  output  score  are  Repair  Parts  and  Components, 
POL,  and  Ammunition.  Therefore,  these  three  factors  were 
chosen  to  use  as  input  factors  in  the  RSM  program.  The 
remaining  input  factors  to  the  simulation  model  were  set  at 
their  assessed  worth  value.  The  objective  was  to  explore  the 
response  surface  in  an  experimental  region  defined  by  the 
assessed  worth  values  of  the  three  input  factors.  Table  XV 
shows  the  experimental  region  chosen.  Information  about  the 
curvature  of  the  response  surface  was  desired;  therefore,  a 
second-order  design  was  needed.  The  second-order  design 
chosen  was  the  central  composite  design.  Table  XVI  lists  the 
central  composite  design  for  three  factors.  The  estimated 


TABLE  XV 

Experimental  Region  for  Simulation  Runs 


Description 

Worth  Value 

Hiqh  Level 

Low  Level 

Repair  Parts 
and  Components 

12.8 

15.6 

10.0 

POL 

12.7 

15.4 

10.0 

Ammunition 

11.0 

13.0 

9.0 

TABLE  XVI 


Three  Factor  Central  Composite  Design 
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second-order  model  obtained  from  the  RSM  program  will 
illuminate  how  each  of  these  factors  impacts  the  score. 
Furthermore,  this  estimated  response  surface  can  be  searched 
to  locate  the  optimum  which  previously  had  been  embedded  in 
the  code  of  the  simulation  model. 

Problem  Setup 

Because  this  simulation  model  was  a  combined  SLAM 
net work -FORTRAN  discrete  event  model,  a  lot  more  changes  and 
additions  were  required  for  program  interface. 

In  a  combined  SLAM  network-FORTRAN  discrete  event 
simulation  model,  all  FORTRAN  variables  needing  to  be  passed 
are  passed  by  means  of  COMMON  statements.  In  a  FORTRAN 
program,  those  global  variables  included  in  COMMON  statements 
cannot  be  passed  by  subroutine  arguments.  These  requirements 
neant  that  in  all  FORTRAN  subroutines  that  needed  these 
variable  values,  COMMON  statements  had  to  be  added  and 
subroutine  dummy  arguments  containing  these  variables  had  to 
be  changed.  t  or  the  COMMON  variables,  declaration  statements 
had  to  be  added  and  changed  to  insure  that  variable  type  was 
consistent  throughout  the  program.  Six  subroutines  and  the 
main  program  required  these  revisions. 

The  program  MAIN  of  the  simulation  model 's  FORTRAN 
discrete  event  section  had  to  be  renamed  subroutine  SIM. 

Every  time  a  response  was  needed,  the  Response  Surface 
Methodology  Program  would  call  the  subroutine  SIM  which,  in 
turn,  would  call  SLAM.  This  statement  (call  SLAM)  would 


execute  the  combined  SLAM  network-FQRTRAN  discrete  event 
simulation  model. 

The  subroutine  INTLC  contained  in  the  FORTRAN  discrete 

event  section  of  the  simulation  model  is  the  first  subroutine 

called  by  the  SLAM  network.  This  subroutine  is  used  to 

initialize  the  variables  needed  for  the  simulation  model. 

Therefore,  this  subroutine  needed  to  contain  the  assignment 

statements  which  input  the  values  for  the  multiplier  set  to 

be  used  in  the  simulation  runs.  These  assignments  were 

accomplished  by  the  following  statements: 

XX (71 )  «  7.0 
XX (72)  =  1.0 
XX (73)  =  c(j,l> 

XX (74)  =  4.0 
XX (75)  »  c ( j ,2) 

XX (76)  =  0.5 
XX (77)  a  1.0 
XX (78)  =  9.0 
XX (79)  =  c(j,3> 

where  XX (71 ),..., XX (79)  stand  for  the  multiplier  set  input 
for  supply  classes  I,...,IX;  and,  c(j,l),  c(j,2),  and  c(j,3) 
are  the  input  levels  for  supply  classes  III,  V,  and  IX 
depending  on  the  row  of  the  input  matrix  for  the  simulation 
run.  Note  that  the  supply  classes  not  chosen  as  input 
factors  in  the  RSM  program  are  set  at  their  fixed  assessed 
worth  values. 

The  subroutine  QTPUT  in  the  FORTRAN  discrete  event 
section  of  the  simulation  model  is  the  subroutine  that 
formats  and  prints  the  output.  In  this  subroutine  an 
assignment  needs  to  be  made  between  the  simulation  model 
output  variable  and  the  response  value  that  will  be 


transferred  back  to  the  RSM  program.  The  assignment 
statement  is: 

nn  =  nn+1 
yy(nn)  =  value 

where  value  is  the  simulation  model  output  of  the  score 
achieved  from  the  simulation  run  and  yy(nn)  is  the  response 
value  to  be  transferred  back  to  the  RSM  program. 

The  FORTRAN  discrete  event  portion  of  the  simulation 
model  used  unit  numbers  for  output  files,  temporary  files, 
and  input  files.  Some  of  the  unit  numbers  were  the  same  for 
the  RSM  program.  The  unit  numbers  in  the  RSM  program  were 
changed  so  that  no  unit  numbers  were  the  same  throughout  the 
FORTRAN  code. 

Another  needed  change  was  a  result  of  the  implicit 
FORTRAN  subroutines  offered  by  the  SLAM  processor.  The  SLAM 
processor  offers  a  FORTRAN  subroutine  named  COPY.  The  RSM 
program  also  contained  a  subroutine  named  COPY.  To  take  care 
of  this  name  duplication,  the  subroutine  COPY  in  the  RSM 
program  was  renamed  MCOPY. 

Fallowing  all  these  needed  changes  and  additions  the  RSM 
program  and  the  FORTRAN  discrete  event  portion  of  the 
simulation  model  were  merged  into  one  file.  In  order  to  run 
a  SLAM  simulation  model,  the  FORTRAN  part  must  already  be 
compiled.  The  command  to  run  this  combined  SLAM  network- 
FQRTRAN  discrete  event  simulation  model  on  the  Vax  11/780  is: 
si  ami c  -m  ftn.o  -i  s2 

where  ftn.o  is  the  compiled  FORTRAN  part  and  s2  is  the  SLAM 


network.  This  command  tells  the  SLAM  processor  to  go  to  the 
FORTRAN  MAIN  program  to  begin  execution  and  use  the  file  s2 
as  the  SLAM  network  input  when  the  statement  call  SLAM  is 
used.  After  the  SLAM  network  is  completed,  the  SLAM 
processor  always  returns  to  the  FORTRAN  MAIN  program  for 
further  instructions.  This  automatic  MAIN  program  return 
caused  problems  with  the  RSM  program.  Normally  when  a 
subroutine  is  called  in  FORTRAN  after  subroutine  execution  is 
completed,  program  execution  continues  immediately  following 
the  call  statement  to  that  subroutine.  The  SLAM  processor 
overrides  this  normal  FORTRAN  flow.  A  series  of  IF 
statements  had  to  be  inserted  in  the  RSM  MAIN  program  to 
insure  that  program  execution  continued  in  the  correct  place. 

The  main  problem  with  running  this  combined  SLAM 
network-  FORTRAN  discrete  event  simulation  model  is  that  the 
SLAM  network  could  not  be  called  more  than  once  during 
program  execution.  This  means  that  even  though  the 
assignment  of  simulation  output  and  response  value  was 
performed  correctly,  no  more  than  one  combination  of  factor 
levels  could  be  obtained  from  a  simulation  model  run. 

Because  all  the  responses  corresponding  to  the  combinations 
of  factor  levels  could  not  be  obtained  during  RSM  program 
execution,  the  complete  response  matrix  is  never  assigned  in 
the  RSM  program.  Even  though  the  RSM  program  could  never 
complete  execution  because  of  the  inherent  limitations  of  the 
SLAM  processor,  the  next  section  shows  the  RSM  program 
processes  were  interfacing  correctly  with  the  simulation 


model . 


Program  Output 

The  SLAMOUT  -file  generated  by  executing  a  SLAM  -file 
shows  that  the  interface  between  the  RSM  program  and  the 
simulation  model  was  performed  correctly.  The  print 
statements  included  in  the  RSM  program  are  included  within 
the  generated  SLAMOUT  file. 

The  FORTRAN  MAIN  program  echoes  the  inputs  desired  by 

the  user  before  continuing  the  RSM  program  execution.  The 

inputs  listed  in  the  SLAMOUT  file  matched  the  inputs  read 

into  the  RSM  MAIN  program.  The  echo  was: 

You  input  k  ■  3 
Design  type  =  4 
Repetitions  per  run  2. 

The  number  of  factors  to  be  used  was  three,  the  design  type 
to  be  used  was  the  central  composite  design  (design  type 
four) ,  and  the  number  of  repetitions  per  run  requested  was 
two. 

The  SLAM  network  was  called  correctly  because  the 
SLAMOUT  file  echoed  the  SLAM  network  requested  as  input  and 
the  normal  SLAM  output  file  is  listed.  Following  the 
automatic  SLAM  output  is  the  output  generated  by  the  OTPUT 
subroutine  in  the  FORTRAN  discrete  event  section  of  the 
simulation  model. 

Print  statements  were  added  to  the  FORTRAN  discrete 
event  section  of  the  simulation  model  to  verify  that  the 
COMMON  variables  were  assigned  correctly.  COMMON  variables 


chackad  Mara  the  input  levels  -for  the  three  variables,  the 
row  number  o-f  the  design  matrix  that  was  being  used,  and  the 
output  obtained  -for  a  simulation  run  to  be  returned  as  the 
response  to  the  RSW  program.  Table  XVII  lists  the  matrix  o-f 
-factor  level  combinations  to  be  used  as  input  in  the 
simulation  model.  Each  time  the  SLAW  network  is  initiated,  a 
different  row  would  be  used  as  the  factor  inputs.  The  first 
column  stands  for  the  input  level  of  class  III,  the  second 
column  is  the  input  level  of  class  V,  and  the  third  column  is 
the  input  level  of  class  IX.  These  input  levels  were 
verified  by  print  statements  which  were  output  in  the  SLAWOUT 
file.  The  row  to  be  used  was  listed  and  each  of  the  factor 
levels  assigned  was  listed  prior  to  each  simulation  run. 

The  output  obtained  to  be  returned  to  the  RSW  program 
was  verified  also  by  a  print  statement  listed  in  the  SLAWOUT 
file. 

When  sequential  runs  of  the  SLAW  network  could  not  be 
obtained,  the  RSW  program  tried  to  continue  its  execution. 

The  file  'WATRIX'  written  in  the  subroutine  WRITE  verified 
that  the  central  composite  design  requested  was  generated 
correctly.  The  file  'WATRIX'  also  showed  that  responses  for 
each  factor  level  combination  were  not  obtained  because  the 
SLAW  network  could  not  be  called  more  than  once.  When 
execution  proceeded  to  the  subroutine  REGRES  which  performs 
the  regression,  the  RSW  program  cannot  continue  because  the 
response  vector  contains  all  zeros.  The  program  stops 
execution  after  trying  to  divide  by  zero. 
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TABLE  XVII 


Matrix  of  Factor  Level  Combinations 


III 

V 

IX 

10.0 

9.0 

10.0 

10.0 

9.0 

15.6 

10.0 

13.0 

10.0 

10.0 

13.0 

15.6 

15.4 

9.0 

10.0 

15.4 

9.0 

15.6 

15.4 

13.0 

10.0 

15.4 

13.0 

15.6 

8.1586 

11.0 

12.8 

17.2414 

11.0 

12.8 

12.7 

7.636 

12.8 

12.7 

14.364 

12.8 

12.7 

11.0 

8.0904 

12.7 

11.0 

17.5096 

12.7 

11.0 

12.8 

12.7 

11.0 

12.8 

12.7 

11.0 

12.8 

12.7 

11.0 

12.8 

12.7 

11.0 

12.8 

12.7 

11.0 

12.8 

12.7 

11.0 

12.8 

12.7 

11.0 

12.8 

12.7 

11.0 

12.8 

Even  though  the  RSM  program  never  acheives  completion, 


the  outputs  listed  in  the  SLAMQUT  file  generated  by  the  SLAM 
processor  demonstrate  that  the  Response  Surface  Methodology 
Program  is  interfacing  correctly  with  the  combined  SLAM 
network-FORTRAN  discrete  event  simulation  model. 


Conclusions  and  Recommendations 


The  overall  objective  of  this  research  effort  was  to 
develop  an  interactive,  user — friendly  response  surface 
methodology  computer  package  which  can  be  attached  to  any 
FORTRAN-based  simulation  model  to  yield  a  response  function 
which  describes  the  relationships  between  the  input 
parameters  and  the  output  parameter  of  interest. 

Subobjectives  were: 

(1)  After  the  response  surface  is  generated,  search 
this  surface  for  the  combinations  of  pertinent  input 
parameters  that  yield  the  optimum  response, 

(2)  Interpret  how  the  response  function  reveals  the 
sensitivity  of  the  output  parameters  due  to  changes  in  input 
parameters,  and 

(3)  Illustrate  how  the  response  function  describes  the 
relative  ranking  of  effects  on  response  between  input 
parameters. 

This  research  effort  accomplished  the  overall  objective  and 
touched  on  subob jecti ves  two  and  three. 

The  overall  abjective  was  accomplished  by  developing  the 
RSM  computer  program.  The  user — friendly  requirement  meant 
the  program  had  to  be  flexible  and  easy  to  understand.  The 
input  requirements  were  designed  to  be  easily  understood  and 
proceed  in  a  logical  sequence.  Five  design  types  are  offered 
by  this  program  and  also  a  user  design  input  subroutine 


offers  further  flexibility.  The  user  can  use  the  regression 


portion  offered  by  this  program  or  can  choose  to  use  the 
permanent  file  'MATRIX',  which  is  generated  containing 
necessary  data,  to  perform  his/her  own  statistical  analysis. 
The  RSM  program's  modular  design  enables  enhancements  to  be 
made  with  few  changes  to  the  program  itself. 

Subobjectives  two  and  three  were  implicitly  accomplished 
by  the  output  displayed  from  the  regression  portion.  The 
estimated  coefficients  and  associated  statistics  illuminate 
the  relationships  between  the  input  factors  and  reveal 
sensitivities  in  the  response  due  to  changes  in  input 
f actors. 

Much  more  time  and  research  would  have  been  required  to 
accomplish  subobjective  one,  the  addition  of  a  search  phase 
to  the  RSM  program.  The  author  recommends  that  a  search 
module  be  added  in  the  future  as  an  enhancement,  of  the  RSM 
package.  Another  suggested  enhancement  is  the  addition  of 
the  Box  and  Behnken  designs  described  in  their  1960  paper  (7) 
as  another  design  type  available  to  the  user.  Following  this 
enhancement  a  thorough  comparison  of  all  offered  designs 
needs  to  be  accomplished  to  reveal  the  advantages  and 
disadvantages  of  each  design  type  as  an  RSM  design.  These 
recommended  enhancements  are  proposed  as  a  single  research 
effort  as  much  time  is  needed  to  gain  the  background 
knowledge  that  would  be  initially  necessary. 


Appendix  A.  User  Manual 


Simulation  models  attempt  to  copy  real,  complex  systems. 
As  a  result,  the  models  themselves  become  very  complex.  The 
analyst  wants  to  know  what  factors  the  simulation  model  is 
sensitive  to,  which  factors  have  little  impact  on  the  output 
parameter  of  interest,  the  relationships  between  the  input 
and  output  parameters,  and  the  combination  of  input  factors 
that  produce  the  optimum  response.  The  complex 
characteristics  of  simulation  models  makes  necessary  model 
analysis  difficult. 

The  purpose  of  this  program  is  to  alleviate,  to  the 
maximum  extent  passible,  a  lot  of  the  time  and  effort 
involved  in  setting  up  a  simulation  model  for  analysis.  This 
computer  program  performs  multidimensional  sensitivity 
analysis  by  employing  the  techniques  of  response  surface 
methodology  interactively  with  a  simulation  model.  The  next 
section  gives  general  information  on  response  surface 
methodology  techniques,  and  explains  how  to  use  this  response 
surface  methodology  <RSM)  computer  program. 

RSM  Theory 

Response  surface  methodology  is  f undamental 1 y  a 
combination  o *  statistical  experimental  design  and  regression 
analysis.  The  main  problem  addressed  by  RSM  is  to  estimate, 
as  closely  as  possible,  the  relationship  between  a  response 
and  the  input  factors  implicitly  defined  within  a  process,  by 


experimentation  with  as  -few  observations  as  passible.  One 
main  assumption  of  RSM  is  that  this  relationship  can  be 
expressed  as  a  low  order  polynomial,  i.e.,  a  first  or  second 
order  equation.  An  example  of  these  kinds  of  equations  are 
listed  below, 

first-order:  Y=Bo  +  BiXi  +  ...  +  BkX* 

second-order :  Y=Bo  +  B1X1  +  ...  +  BkX*  +  BuXi2  +  ...  + 

BkkXk2  +  B12X1X2  +  ...  +  Bk-ikXk-iXk 

where  k  is  the  number  of  input  factors.  To  estimate  response 
surfaces,  RSM  employs  designs  that  minimize  the  needed 
numbers  of  runs.  The  designs  used  to  estimate  first-order 
surfaces  are  the  full  2“  and  the  fractional  2I<.  For  k 
factors,  the  full  2“  requires  2“  runs,  and  the  fractional 
2“  requires  a  subset  of  the  runs  needed  for  the  full  2K.  The 
designs  used  to  estimate  second-order  surfaces  are  the  full 
3K,  the  central  composite  design,  and  the  fractional  3*. 

Table  XVIII  lists  the  designs  offered  by  this  computer 
program  and  the  associated  runs  required  depending  on  the 
number  of  factors  to  be  tested.  Care  should  be  used  in 
choosing  the  design  type  to  use  in  program  execution,  because 
the  number  of  runs  required  may  become  excessive. 


Program  Input 

Program  input  requires  only  answering  questions  and 
following  directions.  Questions  and  input  directions  are 
discussed  in  the  following  paragraphs. 

The  first  instruction  displayed  on  the  screen  is, 


TABLE  XVIII 


Number  of  Points  Needed  by  Design  Type 


k 

2 

3 

4 

5 

6 

7 

8 

9 

*full2k 

4 

8 

16 

32 

64 

128 

256 

512 

*f ractional 

2k 

4 

8 

8 

8 

8 

8 

16 

32 

**full3k 

9 

27 

81 

243 

— 

— 

— 

— 

**CCD 

16 

23 

36 

36 

59 

100 

100 

177 

**f ractional 
3k 

9 

27 

81 

81 

243 

243 

243 

243 

*  first-order  designs 
**  second-order  designs 


Input  the  number  of  factors. 

This  instruction  is  self-explanatory,  but  this  program  is 
limited  to  handling  only  from  two  to  nine  factors.  If  any 
number  outside  of  this  interval  is  input,  the  screen 
displays. 

The  number  of  factors  must  be  between 
2  and  9,  inclusive. 

Input  the  number  of  factors. 

The  next  set  of  instructions  obtains  the  maximum  and 
minimum  levels  for  each  factor.  The  display  for  two  factors 
is: 

Input  the  maximum  value  for  factor  1 

Input  the  minimum  value  for  factor  1 

Input  the  maximum  value  for  factor  2 

Input  the  minimum  value  for  factor  2 

Following  this  input,  the  user  chooses  the  design  type. 
Displayed  as  fallows: 

Input  the  design  type  you  would  like 

1 —  full  2**k  design 

2 —  fractional  2**k  design 

3 —  full  3**k  design 

4 —  central  composite  design 

5 —  fractional  3**k  design 

6 —  user  inputted  design 

If  6  is  entered,  more  input  is  required.  This  is  discussed 
in  an  example  later. 


The  next  question  to  be  answered  by  the  user  is: 

How  many  repetitions  would  you  like  per  observation? 

The  user  inputs  the  number  of  repetitions  desired.  If  the 
simulation  model  used  is  highly  variable,  more  repetitions 
would  be  needed  than  if  the  model  were  not  highly  variable. 
Caution  should  be  exercised  before  entering  this  value.  If 
the  design  requires  20  observations,  taken  at  different 
combinations  of  factor  levels,  and  five  repetitions  are 
desired  per  observation,  the  total  number  of  simulation  runs 
required  is  100.  This  many  runs  could  require  a  great  deal 
of  computer  time,  depending  on  the  complexity  of  the 
simulation  model. 

Next  is  the  echo  report  of  inputs,  formatted  as  follows 
Your  input  k  = 

Design  type  = 

Order  of  design  *= 

Repetitions  per  run  = 

If  any  of  these  are  incorrect,  would  you 
like  to  try  again? 

Type  1  for  yes 
Type  2  for  no 

At  this  time,  if  the  user  wants  to  change  any  of  the  inputs, 
the  appropriate  number  is  input. 

The  next  display  is: 

Design  matrix  will  be  augmented  with 
responses  and  written  to  file  'MATRIX' 


with  variables  formatted  consecutively 
F12.5  with  no  spaces  between. 

Input  the  number  for  what  you  would  like 
to  do  then: 

1 —  continue  with  program  to  perform 
regression 

2 —  stop  program  to  perform  regression 
with  own  package. 

This  computer  program  can  perform  the  regression  and  obtain 
an  estimate  of  the  response  surface  dependent  on  the  input 
factors,  or  the  program  can  stop  before  executing  the 
regression  phase.  In  either  case,  the  file  'MATRIX'  is 
created  and  can  be  used  for  further  analysis.  The  format  is 
as  written  above  and  all  but  the  last  column  is  the  design 
matrix.  The  columns  of  the  design  matrix  represent  the 
factors  in  the  order  in  which  they  were  input.  The  last 
column  is  the  average  response  obtained  from  repetitions  of 
simulation  runs.  Each  row  represents  different  combinations 
of  factor  levels  and  the  associated  response  obtained. 

This  concludes  the  input  required  by  the  user. 

Simulation  Model  Changes 


changed  to  subroutine  SIM  with  passed  arguments  <c,yl,j,k). 

C  is  the  coded  matrix  which  contains  the  factor  levels  to  be 
used  in  the  simulation  runs,  yl  is  the  response  obtained  for 
a  run  of  the  simulation  model,  j  is  the  row  of  factor  level 
combinations  which  are  used  on  the  present  simulation  run, 
and  k  is  the  number  of  factors  to  be  varied. 

The  declarations  for  the  variables  which  are  passed  need 
to  be  added  to  the  simulation  model  main  program  which  is  now 
called  the  SIM  subroutine. 

Another  addition  to  the  SIM  subroutine  (previously 
program  MAIN  for  the  simulation  model)  is  to  establish  the 
input  levels  for  each  of  the  factors  before  each  run. 

Suppose  the  number  of  factors  to  be  used  is  five  and  the 
names  of  these  factors  in  the  simulation  model  are  facl, 
fac2,  fac3,  fac4,  and  fac5.  The  coded  matrix  c  contains  the 
proper  factor  levels  for  each  factor  depending  on  the  row  of 
c  to  be  run.  The  appropriate  assignment  statements  to  add 
are: 

facl  =  c  ( j , 1 ) 
f ac2  =  c  < j ,2) 
fac3  =  c(j,3) 
fac4  =  c(j,4) 
f ac5  =  c  < j ,5) . 

When  the  simulation  model  has  completed  a  run,  the 
response  obtained  needs  to  be  transferred  to  yl.  If  the 
response  is  called  output  in  the  simulation  model,  the 


correct  assignment  is: 

yl  -  output. 

The  obtained  response  -from  the  simulation  model  is  assigned 
to  yl  which  is  passed  back  to  the  RSM  program  through  the  SIM 
subroutine  arguments. 

Problem  Areas 

There  are  problems  that  could  occur  depending  on  the 
computer  system  used  and  possible  problems  due  to  the  RSM 
program  and  the  simulation  model  now  being  one  huge  program. 
The  open  statements  contained  in  the  RSM  program  are  in  a 
format  for  the  Vax  11/780.  If  the  computer  system  used  is 
different,  checks  of  the  open  statements  need  to  be  made  and 
changes  made  if  necessary.  The  user  also  needs  to  check  to 
ensure  that  all  subroutines  have  unique  names  and  also  needs 
to  check  the  arguments  passed  for  the  SIM  subroutine  to 
ensure  that  they  are  not  used  as  different  variables  in  the 
simulation  model.  If  the  simulation  model  is  deterministic, 
the  regression  portion  of  the  RSM  program  cannot  be  used 
because  the  pure  error  sum  of  squares  will  be  zero  and  the 
program  will  attempt  to  divide  by  zero.  In  this  case,  the 
user  should  quit  after  the  design  matrix  augumented  with 
responses  obtained  from  the  simulation  model  is  written  to 
the  file  'MATRIX'.  The  user  can  then  use  another  statistical 
package  to  perform  desired  analysis. 

Program  Execution 


Aft er  all  the  checks  and  needed  changes  of  the  RSM 
program  and  the  simulation  model  have  been  made,  these  two 
files  need  to  be  merged  into  one.  This  file  is  the  program 
that  will  be  executed.  Next  the  program  needs  to  be 
compiled.  The  commands  to  perform  the  compilation  will 
differ  depending  on  the  computer  system  used.  Following 
program  compilation,  execution  needs  to  be  initiated.  Again, 
this  command  will  differ  depending  on  the  computer  system 
used.  After  the  execution  command  is  given,  the  program  will 
start  by  asking  for  user  input  which  was  discussed  in  an 
earlier  section. 

Tables  XIX,  XX,  and  XXI  are  examples  of  program 
execution  in  which  the  user  wants  to  input  his/her  own  design 
matrix.  The  user's  answer  follows  each  displayed  question. 
The  regression  output  the  program  displays  will  be  discussed 
in  the  next  section.  Table  XXII  is  the  file  'MATRIX'  that 
was  generated  by  this  RSM  program. 


Program  Regression  Output 

Refering  to  the  previous  program  input  example,  the 
number  of  factors  to  be  tested  is  two,  the  design  type 
desired  is  user  input  with  six  center  points,  and  the  user 
desires  to  perform  the  regression  portion.  Table  XXIII 
illustrates  the  output  from  the  regression  portion. 

The  F-statistic  for  the  regression  model  is  368.97  with 
degrees  of  freedom  6,  8.  The  critical  value  at  an  ©(-level 
of  .05  is  3.58.  (33)  This  means  that  at  a  .05  significance 
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TABLE  XIX 

Program  Execution  -  1 


WELCOME  TO  THE 


INTERACTIVE  RESPONSE  SURFACE  METHODOLOGY  PACKAGE 


written  by 
lLt  Kalla  J.  Sparrow 


class  of  G0R-84D 


Input  the  number  of  -factors 


Input  the  maximum  value  -for  factor  1 
100 

Input  the  minimum  value  for  factor  1 
50 

Input  the  maximum  value  for  factor  2 
240 

Input  the  minimum  value  for  factor  2 
160 

Input  the  design  type  you  would  like 

1  —  full  2**k  design 

2  —  fractional  2**k  design 

3  —  full  3##k  design 

4  —  central  composite  design 

5  —  fractional  3**k  design 

6  —  user  inputted  design 

6 

Have  you  read  how  to  input  your  design  matrix  ? 

If  matrix  is  not  inputted  correctly  this  program  will  not  work  ! 
Type  1  to  continue  with  user  defined  design  matrix 
Type  2  to  return  and  rechoose  design  type 

1 

Input  the  order  of  your  design 

1  —  first  order  design 

2  —  second  order  design 

2 


TABLE  XX 


Program  Execution  -  2 


How  many  repititions  would  you  like  per  observation  ? 

1 

You  input  k=  2 
Design  type®  6 
Order  of  design®  2 
Repititions  per  run®  1 

If  any  o-f  these  are  incorrect  would  you  like  to  try  again? 
Type  1  -for  yes 
Type  2  for  no 

2 

Design  matrix  will  be  augmented  with  responses  and 
written  to  file  "matrix"  with  varibles  formatted 
consecutively  F12.5  with  no  spaces  between. 

Input  the  number  for  what  you  would  like  to  do  then: 

1  —  continue  with  program  to  perform  regression 

2  —  stop  program  and  perform  regression  with  own 

package 

1 

Remember  to  input  all  the  columns  including  the 
column  far  the  intercept 

If  design  is  second-order  you  will  need  l+2k+ <k (k-1 ) ) /2 
columns 

If  squared  and  interaction  columns  are  not  input  in 
the  correct  order  the  regression  coefficients  will 
not  be  uncoded  correctly. 

Input  the' number  of  rows 
14 

Input  the  number  of  columns 

6 

The  design  matrix  a  is  declared  real 
Input  the  center  rows  last! 

Input  the  numbers  with  commas  between  them 
Input  row  1 
1,-1, -1, 1,1,1 
Input  row  2 
1,— l,l,lfly— 1 

Input  row  3 

lfly— lflfly— 1 

Input  row  4 

Input  row  S 
1,-1.414,0,2,0,0 
Input  row  6 
1,1.414,0,2,0,0 
Input  row  7 


TABLE  XXI 


Program  Execution  -  3 


1,0,-1.414,0,2,0 
Input  row  8 
1,0,1.414,0,2,0 
Input  row  9 
1 ,0,0, 0,0,0 
Input  row  10 
1 ,0,0, 0,0,0 
Input  row  11 
1 ,0,0, 0,0,0 
Input  row  12 
1 ,0,0, 0,0,0 
Input  row  13 
1 ,0,0, 0,0,0 
Input  row  14 
1 ,0,0, 0,0,0 

Here  is  you r  echo  check 


1 . 000- 

1 

.000-1 

.000 

1.000 

1.000 

1.000 

1 . 000- 

■1 

.000  1 

.000 

1.000 

1 . 000- 

1.000 

1.000 

1 

.000-1 

.000 

1.000 

1 . 000- 

1.000 

1.000 

1 

.000  1 

.000 

1.000 

1.000 

1.000 

1 . 000- 

•1 

.414 

.000 

2.000 

.000 

.000 

1.000 

1 

.414 

.000 

2.000 

.000 

.000 

1.000 

.000-1 

.414 

.000 

2.000 

.000 

1.000 

.000  1 

.414 

.000 

2.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

Input  the  #  o-f  center  points  in  your  design 

6 
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TABLE  XXII 


File  'MATRIX' 


1 . 00000 

-1.00000 

-1.00000 

1 . 00000 

1 . 00000 

6276.72021 

1 . 00000 

- 1 . 00000 

1 . 00000 

1 . 00000 

-1.00000 

4853.07012 

1 . 00000 

1 . 00000 

-1.00000 

1 . 00000 

-1.00000 

2661.69995 

1 . 00000 

1 . 00000 

1 . 00000 

1 . 00000 

1 . 00000 

3194.97998 

1 . 00000 

-1.41400 

. 00000 

2.00000 

. 00000 

6386.47021 

1 . 00000 

1.41400 

. 00000 

2.00000 

. 00000 

3112.44995 

1 . 00000 

.  00000 

-1.41400 

. 00000 

. 00000 

3174.37988 

1 . 00000 

. 00000 

1.41400 

. 00000 

. 00000 

3814.52002 

1 . 00000 

. 00000 

. 00000 

. 00000 

. 00000 

3760. 14990 

1 . 00000 

. 00000 

. 00000 

. 00000 

. 00000 

3461.87988 

1 . 00000 

. 00000 

.00000 

. 00000 

. 00000 

3343.83008 

1 . 00000 

. 00000 

.00000 

. 00000 

. 00000 

3657.06006 

1 . 00000 

.00000  • 

. 00000 

. 00000 

. 00000 

3608.62012 

1 . 00000 

. 00000 

.00000 

. 00000 

. 00000 

3042.61011 

1 . 00000 
1 . 00000 
1 . 00000 
1 . 00000 
. 00000 
. 00000 
2.00000 
2.00000 
. 00000 
. 00000 
. 00000 
. 00000 
. 00000 
. 00000 
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TABLE  XXIII 


Regression  Output 


ANOVA  -for  Response  Sur-face  Methodology 

SOURCE 

d.f . 

SS 

MS 

Regression  6 

227487600.000000 

37914600.000000 

Residual  8 

822048.000000 

102756.000000 

Pure 

Error  5 

336560.000000 

67312.000000 

Lack  of  Fit  3 

485488.000000 

161829.328125 

Total  14 

228309648.000000 

F-statistic 

for  Regression  Models  . 368976990e+03  d.f.»  6,8 

F-statistic 

for  Lack  of 

Fit=  2.40416765 

d. f . »  3  ,  5 

Rsquare  (corrected  for  mean)  «  . 952540576e+00 

degrees 

of  freedom  for  t-statistics= 

8 

Beta  Estimates  standard  error (b) 

t-statistic 

b(  0)  = 

3479.02539 

130.86635 

26.58457 

b<  1 )  = 

-1238. 10889 

113.34213 

-10.92364 

b  (  2)  = 

1 . 94879 

113.34213 

.01719 

b  (  3)  = 

666.43396 

117.96133 

5.64960 

b<  4)» 

38.92819 

117.96133 

.33001 

b<  5)  = 

489.03253 

160.27788 

3.05115 

Uncoded  Beta  Estimates 
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Hopefully  you  obtained  some  useful  information 
Have  a  nice  day  now  ! 


level  the  regression  model  is  significant 


The  F-statistic  for  lack-of-fit  is  2.404  with  degrees  of 
freedom  3,  5.  At  the  ©£  =  .05  significance  level  the  critical 
value  is  5.41.  (33)  This  means  that  lack-of-fit  of  the 

response  surface  due  to  higher  order  terms  is  not 
significant. 

Rsquare  represents  the  percentage  of  variation  in  the 
response  explained  by  the  included  factors.  Rsquare  for  this 
example  is  .95,  i.e.  ,  95'/  of  the  variation  in  the  response  is 
explained  by  the  regression  model. 

The  next  section  of  Table  XXIII  gives  the  beta 
estimates,  their  standard  errors,  their  t-statistics,  and  the 
degrees  of  freedom  for  the  t-statistics.  At  ano£.=.05 
significance  level,  the  critical  values  for  the  t-statistic 
is  T<_o=s,s>  =  2.015.  (33)  If  the  absolute  value  of  the 

calculated  t-statistic  is  smaller  than  the  critical  value, 
then  one  cannot  reject  the  null  hypothesis  that  the  estimate 
is  not  significantly  different  from  zero.  Even  though  some 
of  the  beta  estimates  obtained  may  not  be  significantly 
different  from  zero,  the  increased  adequacy  of  the  estimated 
linear  model  by  including  these  factors  must  be  weighed 
against  not  including  some  of  the  factors  which  are  not 
significantly  different  from  zero.  The  estimated  linear 
model  for  the  response  surface  generated  by  the  simulation 
is: 

y  =  3479.03  -  1238.  HXt  +  1.95X=  +  666.43X*2  +  38.93X==  +  X;'  i 


489. 03X*X= 


I 

And,  as  stated  before,  at  a  significance  level  of  -.05  the 
linear  regression  model  is  significant  and  does  not  exhibit  a 
significant  lack-of-fit.  Also,  95 7.  of  the  variation  in  the 
response  is  accounted  for  by  the  regression  model. 

The  next  output  listed  is  the  uncoded  beta  estimates. 

These  estimates  are  in  terms  of  the  factor  ranges  inputted  to 
be  used  in  the  simulation  model.  Over  the  inputted 
experimental  region,  the  estimated  regression  model  is: 

Ym  =  21490.21  -  307.27Xi  -  46.36X2  +  1.07X!3  +  .02X3=  + 

. 49XiX3. 

This  estimated  equation  gives  a  simple  description  of  the 
response  surface  implicitily  defined  in  the  simulation  model 
over  the  experimental  region  input.  This  equation  can  then 
be  run  into  an  optimization  routine  to  determine  that 
combination  of  factor  levels  that  yields  the  optimum 
response.  Also,  a  three-dimensional  plot  could  be  made  to 
aid  the  user's  understanding  of  the  processes  involved  within 
the  simulation  model. 

This  user's  guide  describes  the  basic  ideas  involved  in 
RSM  and  details  the  needed  information  so  that  the  RSM 
program  can  be  used  in  conjunction  with  a  simulation  model 
and  yield  beneficial  information  with  little  effort. 


‘PROGRAM  NAME:  «ain 


Appandix  B.  Program  Liating 


>CLASS:  s«799  PROJECT:  Thesis  Research  ADVISOR:  Cook  DATE: 1 1  October 
WANE  OF  PROGRAMMER:  Kalla  Sparrow  (LOGIN  NAME:  ksparrow) 

litHiHHHHHHHHHIHIHHHHHHHHHHilHHmiHIIIIHmfH 

fDESRIPTION:  This  prograa  perforas  response  surface  aethodology 
•  interactively  with  any  FORTRAN  based  siaulation  aodel.  First 
i  after  certain  questions  are  answered  by  the  user  the  proper  design 

>  aatrix  is  generated.  Then  this  aatrix  is  translated  to  one  which 

>  the  siaulation  aodel  can  interpret.  Mhen  all  the  observations 
t  have  been  taken  a  regression  routine  is  run.  laportant 

‘  statistics  and  results  are  then  printed  to  the  screen  and  a 
■  peraanent  file  for  the  user's  desired  disposal  is  created  with 

>  the  design  aatrix  and  the  augaented  response  observations. 

i  The  user  can  then  run  any  type  of  analysis  desired  on  this  file, 
i  This  prograa  is  organized  in  a  structured  aanner;  as  such,  the 
f  aain  prograa  is  only  the  executive  for  the  running  of  the 
i  prograa. 

liliilKlimiHIIKmillitHilflHttHHtHHHIHHmHilHHddtK 


LOCAL  VARIABLES: 

TYPE: 

PURPOSE: 

tiae 

integer 

count  nuaber  of  tiaes  user  runs  package 

k 

integer 

t  of  factors  to  be  included  in  analysis 

i 

integer 

used  as  loop  counter 

dt 

integer 

design  type 

ans 

integer 

answer  to  interactive  question 

order 

integer 

order  of  design  if  user  inputted 

rep 

integer 

•  of  repititions  to  be  run  per  row 

answ 

integer 

answer  to  interactive  question 

res 

integer 

answer  to  interactive  question 

a 

integer 

t  of  rows  of  design  aatrix 

n 

integer 

1  of  coluans  of  design  aatrix 

aaa 

integer 

f  of  rows  of  previous  design  aatrix 

aan 

integer 

t  of  cols,  of  previous  design  aatrix 

con 

integer 

answer  to  interactive  question 

aax(10) 

real 

aaxiaua  level  for  a  factor 

ain(10) 

real 

ainiaua  level  for  a  factor 

a (600 , 600) 

real 

design  aatrix 

aa (400,400) 

real 

previous  used  design  aatrix 

yave (600,600) 

real 

response  average  vector 

yyave (600,600) 

real 

previous  response  average  vector 

c (400,400) 

real 

uncoded  design  aatrix  for  siaulation 

y (600,600) 

real 

response  aatrix  obtained  froa  sia 

b (400,400) 

real 

coded  betas  obtained  in  regression 

IHIIHMfHIHHHHiHHfHimiHHHHHIlHHttHHHHHHHIlHH 

^BEGINNING  OF  ACTUAL  FORTRAN  CODE* 
prograa  lain 


♦DECLARATIONS* 

integer  tine, k,i,dt,ans, order, rep, answ, res, a,n,aaa,aan,con 
real  iax (10) ,ain(10) , a (600 , 600) , aa (600, 600) , yave (600 ,600) , 
♦  yyave (600,600) , c (600,600) ,y  <600,600) ,b (600,600) 


tiae-0 


print  100 

100  foraat( '  7, '  7,'  7,‘  7,’  7) 

print  ♦,'  WELCOME  TO  THE 

print  * 
print  * 
print  * 

print  V INTERACTIVE  RESPONSE  SURFACE  METHODOLOGY  PACKAGE’ 
print  * 
print  * 
print  * 


print  *,' 

written  by 

print  * 

print  *, ' 

lLt  Kalla  J.  Sparrow 

print  * 

print  *,' 

class  of  60R-84D 

print  200 

foraatC  7,' 

7,'  7,*  7,'  7,'  7) 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦USER  INPUT********************************************* 

3  print  *,' Input  the  nuaber  of  factors’ 
read  »,k 

if  (k  .gt.  9  .or.  k  .It.  2)  then 

print  *,’The  nuiber  of  factors  lust  be  between' 
print  *,’2  and  9,  inclusive' 
go  to  3 
endif 

do  1  i=l ,k 

print  *,’ Input  the  aaxiaua  value  for  factor  ',i 
read  *,aax(i) 

print  *, 'Input  the  ainiaua  value  for  factor  ',i 
read  *,ain(i) 

1  continue 

2  print  *, 'Input  the  design  type  you  would  like' 
print  *,'l  --  full  2**k  design' 

print  *,’2  --  fractional  2«*k  design’ 
print  *,’3  --  full  3**k  design' 
print  *,7  —  central  coaposite  design' 
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print  *,'5  --  fractional  3»k  design' 
print  * , ' 6  --  user  inputted  design' 
read  * ,dt 

if  (dt  .eg.  6)  then 

print  *,'Have  you  read  hoe  to  input  your  design  eatrix  ?' 
print  *,'If  eatrix  is  not  inputted  correctly  this  prograe', 

+  'eill  not  eork  ! ' 

print  » ,  Type  1  to  continue  Kith  user  defined  design  eatrix' 
print  *,'Type  2  to  return  and  rechoose  design  type' 
read  *,ans 
if  (ans  ,eq.  2)  then 
go  to  2 

else 

print  *, ’ Input  the  order  of  your  design' 
print  t,'l  --  first  order  design' 
print  *,'2  --  second  order  design' 
read  *,  order 

if  (order  .ne.  1  .and.  order  .ne.  2)  then 
print  *, 'Design  order  is  not  correct' 
print  *, 'Please  try  again' 
go  to  5 
endif 
endif 
endif 

if  (dt  .ne.  1  .and.  dt  .ne.  2  .and.  dt  .ne.  3  .and.  dt  .ne.  4 
+  .and.  dt  .ne.  5  .and.  dt  .ne.  &)  then 

print  *,'You  input  the  design  type  incorrectly' 
print  *, 'Please  try  again’ 
go  to  2 
endif 

print  *,'Hok  aany  repititions  Kould  you  like  per  observation  71 
read  »,rep 

print  *,  'You  input  k=  ’,k 
print  »,  'Design  type-  ' ,dt 
if  (dt  .eq.  6) then 

print  *, 'Order  of  design^  ',order 
endif 

print  *, 'Repititions  per  run=  ',rep 

print  *,'If  any  o*  these  are  incorrect  Kould  you  like  to', 

♦  '  try  again?' 
print  *,'Type  l  for  yes' 
print  VType  2  for  no' 
read  t,ansK 
if  (anSK  .eq.  1)  then 
go  to  3 
endif 

print  *, 'Design  eatrix  Kill  be  augaented  Kith  responses  and' 
print  Varitten  "aatrix*  Kith  variables  foraatted 
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print  *, 'consecutively  F12.5  with  no  spaces  between. ' 

7  print  *, 'Input  the  nuaber  for  what  you  would  like  to  do  then:' 
print  *,'l  --  continue  with  prograa  to  perfora  regression' 
print  <,'2  —  stop  prograa  and  perfora  regression  with  own* 
print  package' 

read  *,res 

if  (res  ,ne.  1  .and.  res  .ne.  2)  then 

print  *,'Your  answer  was  not  correct.  Try  again.' 
go  to  7 
endif 

(HHHHHEi  OF  USER 

t*»t«*»m*GENERATE  DESIGN  (IATRI](***********»*»»»***«*»»w*m»mm*»* 

if  (dt  .eq.  1)  then 
call  full2k(a,k,a,n) 
else  if  (dt  .eq.  2)  then 
call  res3(a,k,a,n) 
else  if  (dt  .eq.  3)  then 
call  full3k(a,k,a,n) 
if  (k  .gt.  5)  then 
go  to  2 
endif 

else  if  (dt  .eq.  41  then 
call  ccd (a, k ,a,n} 
else  if  (dt  .eq.  5)  then 
call  frac3k(a,k,a,n) 

else 

call  user(a,k,a,n) 
endif 

**»***«♦*» F IN1SHED  GENERATING  DESIGN  HATRIImMmtmemmmtm* 


do  4  i=l,« 
yave(i,l)=0. 

4  continue 
tiae=tiae+l 

t*H  if  this  is  wore  than  the  first  tiae  then  need  to  coapare 
tta*  this  design  aatrix  with  the  previous  one  used.  If  soae 
»*«  of  the  rows  are  the  saae  the  response  will  be  the  saae  and 
****  another  response  doesn't  need  to  be  obtained. 

if  (tiae  .gt.  1)  then 

call  coBpar(a,aa,a,n,aaB,aan,yave,yyave! 
endif 

»***  Call  the  subroutine  to  code  the  design  aatrix  into  values 
mi  which  the  siaulation  aodel  will  be  able  to  read. 


call  code(a,c,B,k,Bin,aax> 


hh  Call  the  subroutine  nhich  Hill  run  the  siaulation  todel 
mm  for  those  coabinations  of  factor  levels  Nhich  need 
hh  to  be  obtained. 


call  siarun(c,y,yave,a,k,rep) 

»t»t  Calculate  the  aean  response  for  each  coabination  of  factor 
mm  levels. 

call  aean(y,rep,a,yave) 

hh  Write  the  design  aatrix  augaented  with  the  average 
mm  responses  to  a  file  called  ‘aatrix'  to  be  used  later 
mm  by  the  user. 

call  Hrite(a,yave,a,n) 

if  (res  .eq.  1)  then 

t  user  Hants  to  perfora  the  regression  portion 
go  to  1000 
else 

*  user  Hants  to  quit  before  regression  portion  of  package  begins 
go  to  9999 
endif 

mm  Call  the  subroutine  nhich  perforas  the  regression 

1000  call  regres(a,k,a,n,yave,dt,b) 

hh  Uncode  the  betas  obtained  for  the  design  aatrix  into 
mm  the  betas  needed  far  the  used  factor  levels. 

cal  1  uncode (b,ain,aax,dt , k , order ) 

hh  Copy  the  design  aatrix  used  so  Hill  be  able  to  coapare 
mm  next  generated  aatrix  to  see  if  there  are  soae  responses 
tftf  nhich  don't  need  to  be  obtained  again.  If  there  are 
hh  soae  coabinations  of  factor  levels  nhich  don't  need 
mm  to  be  obtained  again  the  average  response  nil  1  be  contained 
mm  jn  the  copied ‘response  vector. 

call  copy(a,aa,a,n) 
call  copy(yave,yyave,a,n) 
aam 
aan=n 

10  print  *, 'Would  you  like  to  run  this  prograa  again  ?' 
print  *, 'Input  l  for  yes  or  2  for  no' 
read  t,con 
if  (con  .eq.  1)  then 

t  user  nould  like  to  run  this  prograa  again 
go  to  3 

else  if  (con  .eq.  2)  then 


*  user  would  not  like  to  run  this  program  again 
go  to  999? 

else 

print  {/Your  answer  was  incorrect.  Try  again.* 
go  to  10 
end  if 

9999  print  *, 'Thank  you  for  using  this  Response  Surface  Methodology*, 
+  *  package' 

print  ^/Hopefully  you  obtained  soae  useful  information' 
print  »,'Have  a  nice  day  now  ! * 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦mmmmmtfm 

{SUBROUTINE  NAME:  full2k 

♦ARGUMENT  LIST:  a,k,«,n 
♦CALLED  BY  :  aain,res3,ccd 

♦CLASS:  sa79?  PROJECT:  Thesis  Research  ADVISOR:  Cook  DATE:  sept  19 
♦NAME  OF  PROGRAMMER:  Kalla  Sparrow  (LOGIN  NAME:  ksparrow) 
♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦«♦♦♦♦♦<♦♦♦♦♦#»♦*♦♦♦•♦♦<♦♦♦♦♦♦»♦♦«♦♦♦♦♦«♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
♦MODULE  DESRIPTION:  This  subroutine  generates  the  full  2»*k  designs 

IIHIIIimtHHHHHIItflHHHHHiHHHiititiHiHiHHtHHmHH 


♦ARSUHENTS: 

IN/ 

TYPE 

PASSED/ 

PURPOSE 

♦  NAME 

OUT 

GLOBAL 

♦  a (600,600) 

out 

real 

passed 

design  matrix  a 

♦  k 

in/out 

integer 

passed 

t  of  factors 

♦  a 

out 

integer 

passed 

t  of  rows  of  design 

♦  n 

out 

integer 

passed 

1  of  coluans  of  design 

HltifHimHHHHflHIfiHHIKIimillfKiHKKHiffflHiifHffmi 


♦LOCAL  VARIABLES: 

TYPE: 

PURPOSE: 

♦col 

integer 

used  as  counter  for  coluans 

♦row 

integer 

used  as  counter  for  rows 

♦  r 

integer 

used  as  counter 

♦  b 

integer 

used  as  counter 

♦  j 

integer 

used  as  counter 

ttmmmtmmmtHtfmmmmmeHmmHHmmmmtmtf 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦mf 


♦BEGINNING  OF  ACTUAL  FORTRAN  C0DE{ 
subroutine  full2k(a,k,a,n) 


•DECLARATIONS* 

integer  col,ro*,k,a,n,r,b, j 
real  a(600,600) 

•ALB0R1THH* 

•calculate  diaensions  of  the  aatrix 
a=2**k 
n=k+l 

{initialize  aatrix 

do  1  rou=l,2«»k 
do  2  col=l,k+l 
a (row, co 1)=0. 

2  continue 

1  continue 

•create  first  coluan  of  Is 
do  3  row  =  l,2**k 
a(roH,l)  -  1. 

3  continue 

•create  rest  of  the  coluans  for  design 
do  4  cal=2,k+l 
r=0 

b-2«(k+l-cal) 
do  3  j=l,2**(col-2) 
do  &  rott=r+l,r+b 
a(ro*,col)=-l. 
b  continue 

do  7  ro#=r+b+!,r*2*b 
a(ro*,cal)=l. 

7  continue 
r=r+2*b 

3  continue 

4  continue 

•add  center  point  roas  to  be  able  to  test  for  lack  of  fit 
do  8  ro*=l,4 
a(a+ro*,l)=t. 

8  continue 

do  9  row=l ,4 

do  10  col*2,k+l 
a(a+ro*,col)=0. 

10  continue 

9  continue 

a=a+4 


end 

•••*•***•••••••••••••••••*»•••••••••»•••••••••»•••••«••••••••••••••••{•• 

»»*•»*»***»•»«»*♦••»*«»•*«»•*»*****•«**«*»»•*•»*•»*•*•***•*•*•••*♦*»»*»• 
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^SUBROUTINE  NAHE:res3 


•ARGUMENT  LIST:a,k,i,n 
•CALLED  BY  :  lain 

•CLASS:  5*799  PROJECT:  Thesis  Research  ADVISOR:  Cook  DATE: 29  Sept 
•NAME  OF  PROGRAMMER:  Kalla  Sparrow  (LOGIN  NAME:  ksparrow) 
HHHHHIHHHHiliHiHIHHHHmHHHtitflKtimmitHimtlli 

•NODULE  DESRIPTION:subroutine  to  generate  resolution  III  Fractional 
»  2  k-p  designs  fro*  rows  of  1/16  of  2**9  design  *atrix 

••••{••••••l(llltl(IHtilltiHHHItllWIH«HHm4l<liiHIHi<><t<t< 


•ARGUMENTS: 

IN/ 

TYPE 

PASSED/ 

PURPOSE 

•  NANE 

OUT 

GLOBAL 

•  a (600 , 600) 

out 

real 

passed 

design  latrix 

*  k 

in/out 

integer 

passed 

1  of  factors 

•  • 

out 

integer 

passed 

1  of  rows 

♦  n 

out 

integer 

passed 

1  of  coluins 

•LOCAL  VARIABLES: 

TYPE: 

PURPOSE: 

i 

integer 

used  as  row  counter 

j 

integer 

used  as  coluan  counter 

c (i , j) 

real 

rows  fro*  1/16  of  2**9 

aa 

integer 

rows  to  copy 

i  4 (aa) 

integer 

used  for  data  stateient 

i 5 (aa) 

integer 

used  for  data  stateient 

i  6 (aa) 

integer 

used  for  data  stateient 

i7(aa) 

integer 

used  for  data  statement 

iS(aa) 

integer 

used  for  data  statement 

col 

integer 

used  as  counter 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••ft* 

•BEGINNING  OF  ACTUAL  FORTRAN  CODE* 
subroutine  res3(a,k,a,n) 

•DECLARATIONS* 

integer  i,j,aa1i4(17),i5<17)1i6<17) ^olyiCfatn, 

♦  i7 ( 17) ,i8( 17) ,row 

real  c(600,600),a(600,600) 

•ALGORITHM* 

open (uni t=7,file='resthree',status= 'old', access1 'sequential', 

♦  for*=’for*atted') 
rewind  7 

read (7, •) ( (c  <i ,j),j=l,10),i=l,34) 


if  (k  .eq.  2  .ar.  k  .eq.  3)  then 
call  full2k(a,k,a,n) 
go  to  2000 

else  if  (k  .eq.  4)  then 
a=8 
n=5 

data (i 4 (aal,aa=l, 81/1,2,5,6, 9, 10, 13, 14/ 
do  1  aa=l,a 
do  2  col=l,n 

a(aa,col)-c(i4(aa) ,col) 

2  continue 

1  continue 

else  if  (k  .eq.  5)  then 
a=8 
n-6 

data(i5(aa),aa*l, 81/1,5,9, 16, 20,24,25, 32/ 
do  3  aa=l,a 
do  4  col=l,n 

a(aa,col)=c(i5(aa) ,col) 

4  continue 

3  continue 

else  if  (k  .eq.  6)  then 
a=8 
n=7 

data (i6 (aa) ,aa=l ,81/1,7,11,13,20,22,27 ,32/ 
da  5  aa=l,t 
do  6  col =1 ,n 

a<aa,col)=c(i6(aa) ,col) 

6  continue 

5  continue 

else  if  (k  .eq.  7)  then 
a=8 
n=8 

data (i7 (aa) ,aa=l, 81/1, 7, 10, 16, 17, 23, 27, 32/ 
do  7  aa=l,a 
do  8  col=l,n 

a(aa,col)=c(i7(aa) ,coll 
8  continue 

7  continue 

else  if  (k  .eq.  8)  then 
a»16 
n=9 

data ( i 8 (aa) ,aa=l, 161/ 1,2, 5, 6, 10, 13, 17, 18, 21, 22, 25, 26, 29, 30, 
♦  33,34/ 

do  10  aa*l,16 
do  11  col-1, n 

a(aa,col)=c(i8(aa),col) 

11  continue 

10  continue 
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eise 

k  equal  5  9 
■=32 
n=10 

do  12  aa=l,« 

do  13  col=l,n 

a ( aa  t  col ) =c ( aa , col ) 
continue 
continue 


tadd  center  point  rows  to  be  able  to  test  for  lack  of  fit 
do  14  raw=l,4 
ala+row,l)=l. 

14  continue 

do  15  row=l,4 

do  16  col=2,k+l 
a(a+row,col)=0. 

16  continue 

15  continue 

•=•♦4 
2000  end 


((((((((((((((((((((((((((((»((((((«((((((((((((({((((((((»((((((((((((* 
(SUBROUTINE  NONE:  full 3k 

(ARGUMENT  LIST:  a,k,«,n 
(CALLED  BY  :  aain,frac3k 

(CLASS:  s*799  PROJECT:  Thesis  Research  ADVISOR:  Cook  DATE:  19  sept 
(NAHE  OF  PROGRAMMER:  Kalla  Sparrow  (LOGIN  NAME:  ksparrow) 

(((((((((((((((((((((ft((({«»t((((((((((((((((((((((t(((((((tt(((((((((f 

(MODULE  DESRIPTION:  This  subroutine  generates  the  full  3**k  designs 

(((((((((((((((((((((((((((((((((«tt(t(tt«tt»fttffttit»f (((((((((((((*(( 

(ARGUMENTS:  IN/  TYPE  PASSED/  PURPOSE 


(  a (600,600) 

out 

real 

passed 

generated  design  aatrix 

(  k 

in/out 

integer 

passed 

1  of  factors- 

(  ■ 

out 

integer 

passed 

i  of  rows  of  aatrix 

(  n 

out 

integer 

passed 

1  of  coluans  of  aatrix 

((((((((((((((((((((((((((((((((((((((((((((((iit((«f((((((tf((((((((((( 

♦LOCAL  VARIABLES: 

TYPE: 

PURPOSE: 

♦col 

integer 

used  for  coluan  counter 

♦roa 

integer 

used  for  roa  counter 

*nn 

integer 

used  as  counter  for  interaction  coluans 

*cj 

integer 

used  as  counter  for  interaction  cols. 

*i 

integer 

used  as  counter 

integer 

used  as  counter 

»r 

integer 

used  as  increaent  for  roa  counter 

♦b 

integer 

used  as  4  of  cycles  for  a  given  col 

integer 

used  as  counter  for  coluan  generation 

HKKIItlHtHHHttllHHHHHIHiltHHIIIHHiitttHHmitiHiHH 

IHHHHHtliltHHIiimiltlHHHKHIiltHMHtHtitltHHIOHiim 

♦BEGINNING  OF  ACTUAL  FORTRAN  CODE* 
subroutine  full3k(a,k,a,n) 

♦DECLARATIONS* 

integer  col,rou,k,nn,cj,i,j,a,n,r,b,jj 
real  a(&00,600) 

♦  it  k  is  greater  than  5  then  user  cannot  use  this  type  of  design 
if  (k  .gt.  S)  then 

print*, 'You  input  k  *  ' ,k 

print*, ‘For  k>5  the  ful!3k  design  requires  too  aany  runs. ‘ 
print*, ‘Change  your  input  design  type  to  either  4  or  5. ‘ 
print*, ‘The  CCD  and  Fractional  3**k-p  are  eore  efficient." 
print*, ‘To  change  this  limitation  recode  subroutine  full3k.‘ 
go  to  1000 
end  if 

♦ALGORITHM* 

♦calculate  correct  nueber  of  roas  and  coluens 
■=3**k 

n=l+2*k+(k*(k-l))/2 

♦initialize  design  matrix 
do  I  roa=l,3**k 

do  2  col=l,l+2*k+!k*(k-l))/2 
a(roa,col)=0. 

2  continue 

1  continue 

♦create  first  coluan  of  Is 
do  3  roa  1  l,3*»k 
a(roa,l)  1  1. 

3  continue 

*create  rest  of  base  design  coluans 
do  4  col=2,k+l 


b=3(((k+l-col) 
do  5  jj=l,3*«tcol-2) 
do  6  roa=r+l,r+b 
a(roa,col)*-l. 

6  continue 

do  7  roa=r(b+l,r+(2*b) 
atroM,col)s0. 

7  continue 

do  8  ro*=r+(2*b>+l,r+f3*b) 
a(rott,col)-l. 

8  continue 
r=r+(3*b) 

3  continue 

4  continue 

(to  generate  next  k  coluans  square  2  through  k+1  coluans 
do  10  col  =  2,k+l 
do  11  roa  =  l,3(*k 

a(raa,col+k)  =  a(roa,cal)ia(roa,col) 

11  continue 
10  continue 

(generate  tao-factor  interaction  coluans 
nn  =  2 
cj  =  2 

do  12  i  *  l,k-l 
do  13  j  =  cj,k 

do  14  roa  =  l,3«k 

a(roa,2»k+nn)  =  a(roa,i+l)ea(roa,j+U 

14  continue 
nn  =  nn+1 

13  continue 

cj=cj+l 

12  continue 

^create  roas  of  center  points  to  be  able  to  calculate  lack  of  fit 
do  15  roa=l,4 
a(a+roa,l)sl. 

15  continue 

do  16  roa=l,4 

do  17  col=2,l+2*k+(k*(k-l))/2 
a(a+roa,col)=0. 

17  continue 

16  continue 

a=a+4 

1000  end 

((»(((((>((((((((((((((((((((((((((((((((((((((((((((((((((((((«(((((((( 
(SUBROUTINE  NAHEiccd 

(ARGUMENT  LIST:a,k,a,n 
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•CALLED  BY  :  tain 


•CLASS:  sa799  PROJECT:  Thesis  Research  ADVISOR:  Cook  DATE: 29  Sept 
♦NAHE  OF  PRQGRAHHER:  Kalla  Sparrow  (LOGIN  NAME:  ksparrow) 

♦NODULE  DESRIPTIQN: subroutine  to  generate  resolution  V  fractional 


*  2**k-p  designs  for  base  of  ccd  designs  --  then  adds  rows  of  axial 

*  or  star  points  -- 

then  adds  rows  of  center  points 

************************************************************************ 

♦ARGUNENTS: 

IN/ 

TYPE 

PASSED/  PURPOSE 

♦  NANE 

6L0BAL 

*  a (600 ,600) 

out 

real 

passed  design  aatrix 

*  k 

in/out 

integer 

passed  1  of  factors 

♦  ■ 

out 

integer 

passed  1  of  rows 

*  n 

out 

integer 

passed  t  of  coluans 

♦**♦♦♦♦♦♦♦♦**♦♦♦♦♦♦*♦♦♦*♦*♦♦»*♦♦*«♦♦♦♦»♦♦«♦**«♦*♦•**♦♦**»*«♦*»♦♦♦♦♦♦♦♦♦ 

♦LOCAL  VARIABLES: 

TYPE: 

PURPOSE: 

*  row 

integer 

used  as  row  counter 

*  col 

integer 

used  as  coluan  counter 

*  ■■ 

integer 

used  as  t  of  rows 

*  i 

integer 

used  as  counter 

*  j 

integer 

used  as  counter 

♦  aa 

integer 

used  as  counter  for  data 

•  i5(aa) 

integer 

array  for  data 

*  i  6  ( aa ) 

saae 

saae 

♦  i7(aa) 

saae 

saae 

♦  iB(aa) 

saae 

saae 

*  nn 

integer 

used  as  counter 

♦  cj 

integer 

used  as  counter 

*  c(«,n) 

real 

design  aatrix 

♦  alpha 

real 

constant  for  axial  rows 

IIIIHfiHiilHHHIliHHHtiHHHIItHHtHtmiiHHmHtHHHHH 

♦BEGINNING  OF  ACTUAL  FORTRAN  CODE* 
subroutine  ccd(a,k,a,n) 

♦DECLARATIONS* 

integer  k1«,n,roN,col1M,i,j,aa,i5(65),i&!&5),i7(65),nn,cj, 

♦  i8(45) 

real  c (600, 600) , alpha, a (600,600) 

open(unit=7,file='resfive',status='ald'1acce55s'sequentiar, 

+  for»=' formatted') 
rewind  7 


read(7,») ((c(i,j) , j=l,10) ,i=l,128) 


•initialize  biggest  aatrix  Hill  need 
da  1  ran= 1,600 
do  2  col=l,600 
a(roH,col)-0. 

2  continue 
1  continue 

if  (k  ,eq.  2)  then 
call  fu!12k(a,2,a,n) 
a=2»*k 

alpha=2**(k/4.) 

*  build  first  col  of  Is  for  axial  rons  and  center  point  roes 

do  3  roH=a+l,ak2*k+8 
a(roH,l)=l. 

3  continue 

*  add  rons  of  axial  (star)  points 

aa=i 

do  4  col=2,k+l 

a(aa+l,col)=-alpha 

a(aa+2,col)=alpha 

aa=aa+2 

4  continue 
a=a+2*k+8 

n=l+2»k+(k*(k-l))/2 

else  if  (k  ,eq.  3)  then 
call  full2k(a,3,a,n) 
a=2**k 

alpha=2»*<k/4. ) 

♦  build  first  col  of  Is  for  axial  rons’and  center  point  rows 

do  5  roa=a+l,a+2*k+9 
a(roH,l)=l. 

5  continue 

t  add  rons  of  axial  (star)  points 
aa=a 

do  6  col=2,k+l 

a(aa*l,col)s-alpha 

a(aa+2,col)=alpha 

aa=aa+2 

6  continue 
a=a+2*k+9 

n=l+2*k+(k*(k-l))/2 

else  if  (k  .eq.  4)  then 
call  full2k(a,4,a,n) 
a=2«*k 

alpha=2»(k/4.) 

•  build  first  col  of  Is  for  axial  rons  and  center  point  rous 

do  7  roH=a+l,a+2*kM2 
a (tom, 1 ) =1 . 

7  continue 


*  add  roas  of  axial  (star)  points 

u:i 

do  8  col=2,k+l 

a(aa+l,coI)=-alpha 

a(ea+2,col!=alpha 

■•*■■+2 

8  continue 
■=»+2»k+12 
n=l+2*k+(k*(k-l) )/2 

else  if  (k  .eq.  5)  then 
■=16 
n=6 

dataliS(aa), 84=1,161/1,3,5,6,7,10,12, 14,66, 68, 70,72, 

♦  73,75,77,79/ 

*  build  base  part  of  design 

do  9  aa=l,a 
do  10  col=l ,n 

a(aa,col)=c(i5(aa)  ,col) 

10  continue 

9  continue 
alpha=2**((k-l)/4.) 

*  build  first  col  of  Is  for  axial  roes  and  center  point  roas 

da  11  rou=a+l,e+2sk+10 
a(roa,l)=l. 

11  continue 

*  add  roes  of  axial  (star)  points 

aa=a 

do  12  col=2,k+l 

a(aa+l,col)=-alpha 

a(aa+2,col)=alpha 

■a=aa+2 

12  continue 
a=a+2»kal0 
n=l+2*k+(k*(k-l))/2 

else  if  (k  .eq.  6)  then 
a=32 
n=7 

data (i6(aa) ,aa=l, 32)/ 1,2, 3, 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16 
+  65,66,47,68,49,70,71,72,73,74,75,76,77,78,79,80/ 

a  build  base  part  of  design 
da  13  aa=l,e 
do  14  col=l,n 

alaa,col)=c(i6(aa),col) 

14  continue 

13  continue 
alpha*2t»(lk-l)/4.) 

a  build  first  col  of  Is  for  axial  roes  and  center  point  rows 
do  15  roe=a*l,a+2ak+15 
a(roM, 1 )=1. 

15  continue 

a  add  roes  of  axial  (star)  points 
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do  16  col=2,k+l 

a(u+I,col)=-alpha 
a  <«i+2 , col ) =al pha 
■■=■■+2 

16  continue 
■=s+2*k+15 
n=l+2*k+  <k*(k-l))/2 

else  if  (k  .eq.  7)  then 
■=64 
n=8 

data (i  7 (aa),aa=l,64)/l ,4, 5,8,9 ,12, 13, 16,18, 19,22,23,26, 27, 
+  30,31,33,36,37,40,41,44,45,48,50,51,54,55,58,59,62,63, 

♦  66,67,70,71,74,75,78,79,81,84,85,88,89,92,93,96,98,99, 

♦  102,103,106,107,110,111,113,116,117,120,121,124,125,128/ 

*  build  base  part  of  design 

do  17  aa=l,i 
do  18  col=l,n 

a(aa,col)=c(i7<aa) ,col) 

18  continue 

17  continue 
alpha=2**((k-l)/4.) 

*  build  first  col  of  Is  for  axial  tons  and  center  point  ro»s 

do  19  r0H=«+t,«+2*k+22 
a(roi*,l)=l. 

19  continue 

*  add  rows  of  axial  (star)  points 

•IH 

do  20  col=2,k+l 

a<M+l,col)=~alpha 

a(M+2,col)=alpha 

■■=■■>2 

20  continue 
■=»+2*k+22 
n=l+2*k+(k*(k-l))/2 

else  if  (k  .eq.  8)  then 
•=64 
n=9 

dat all  8 ( aa)  ,aa=l,64)/ 1,2, 3,4,9, 10, 11, 12,21,22, 23,24, 29,30, 

♦  31,32,33,34,35,36,41,42,43,44,53,54,55,56,61,62,63,64,65, 

♦  66,67,68,73,74,75,76,85,86,87,88,93,94,95,96,97,98,99, 

+  100,(05,106,107,108,117,118,119,120,125,126,127,128/ 

»  build  base  part  of  design 
do  21  aa=l,a 
do  22  col =1 ,n 

a(aa,cal)=c(i8(aa) ,col) 

22  continue 

21  continue 
alpha=2**((k-2)/4.) 

*  build  first  col  of  Is  for  axial  rows  and  center  point  tons 

do  23  ro*=i+l,H-2ek+20 
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a(row,l)=l. 

23  continue 

*  add  rows  of  axial  (star)  points 

aa=a 

do  24  col=2,k+l 

a(aa+l,col)=~alpha 

a(aa+2,col)=alpha 

aa=aa+2 

24  continue 
a=a+2*k+20 
n=H2*k+(k*(k-i))/2 

else 

*  k  equals  9 

a- 128 
n=10 

*  build  base  part  of  design 

do  23  aa=l,a 
do  24  col=l  ,n 

a(aa,col)=ctaa,col) 

24  continue 

25  continue 
alpha=2**((k-2)/4.) 

*  build  first  col  of  Is  for  axial  rows  and  center  point  rows 

do  27  raw=a+l,a+2*k+31 
a(row,l)=l. 

27  continue 

*  add  row s  of  axial  (star)  points 

aa-a 

do  28  cal=2, k+1 

a(aa+l,col)=-alpha 

a(aa+2,col)=alpha 

aa=aa+2 

28  continue 
a=B+2*k+31 
n=l+2*k+(k*(k-l))/2 

endif 

*  to  generate  next  k  coluans  square  2  through  k+1  coluans 

do  29  col=2,k+t 
do  30  row-1, a 

a(row,coHk)=a(row,col)»a(row,col) 

30  continue 

29  continue 

»  generate  two-factor  interaction  coluans 
nn=2 
cj=2 

do  31  i=l ,k-l 
do  32  j=cj,k 

do  33  row=l,a 

a(row,2*k+nn)=a(row,i+l)»alrow,  j+1) 

33  continue 
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nn=nn+l 

32  continue 

c j=c j+1 

31  continue 
end 

♦•••••••••••••♦••••♦••••••••••••••••••••••••••••••••••••••••••••••••••** 

•SUBROUTINE  NAME:  frac3k 

•ARGUMENT  LIST:a,k,a,n 
•CALLED  BY  :  lain 

•CLASS:  sa799  PROJECT:  Thesis  Research  ADVISOR:  Cook  DATE: 29  Sept 
♦NANE  OF  PROGRAMMER:  Kalla  Sparrott  (LOGIN  NAME:  ksparroe) 

♦♦♦♦♦♦♦♦if  ♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦♦»♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦•♦♦♦♦♦♦♦♦♦♦♦♦♦ 

•MODULE  DESRIPTION:subrautine  ehich  generates  the  fractional  3**k-p 
•  designs  used  to  estiaate  second  order  equations 


•ARGUMENTS: 

IN/ 

TYPE 

PASSED/ 

PURPOSE 

*  NAME 

OUT 

GLOBAL 

*  a (600, 6001 

out 

real 

passed 

generated  design  aatrix 

♦  k 

in/aut 

integer 

passed 

1  of  factors 

*  ■ 

out 

integer 

passed 

1  roes  of  design  aatrix 

*  n 

out 

integer 

passed 

t  cols  of  design  aatrix 

♦LOCAL  VARIABLES: 

TYPE: 

PURPOSE: 

♦  row 

integer 

used  as  a  ron  counter 

♦  i 

integer 

used  as  a  counter 

*  j 

integer 

used  as  a  counter 

♦  col 

integer 

used  as  a  coluan  counter 

♦  nn 

integer 

counter  used  to  aake  interaction 

cols 

*  cj 

integer 

counter  used  to  aake  interaction 

cols 

♦  ii 

integer 

counter  used  to  sake  interaction 

cols 

•  jj 

integer 

counter  used  to  lake  interaction 

cols 

♦  rn5 (250) 

integer 

data  stateaent  array  for  rows 

*  rn6(250) 

integer 

data  stateaent  array  for  roes 

♦  rn7(250) 

integer 

data  stateaent  array  for  rows 

♦  rn8 (250) 

integer 

data  stateaent  array  for  roes 

♦  rn9 (250) 

integer 

data  stateaent  array  for  roes 
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•BEGINNING  OF  ACTUAL  FORTRAN  CODE* 


subroutine  frac3k(a,k,a,n) 


•DECLARATIONS* 

integer  k,a,n,ro*,i,j,col,nn,cj,ii,jj,rn5(250),rn6(250), 

+  rn7(250) ,rn8(250) ,rn9(250) 

real  a (600, 600) 

•ALGORITHM* 

*  calculate  t  of  coluans  of  coaplete  design  aatrix 

n=l+2*k+(k*(k-l))/2 

*  depending  on  the  I  of  factors  deteraine  which  rows  will  be  included 

if  (k  ,eq.  2  .or.  k  .eg.  3  .or.  k  .eg.  4)  then 
call  full3k(a,k,a,n) 
go  to  2000 

else  if  (k  .eg.  5)  then 
a-81 

data (rn3(row),roa=l, 81 1/1,6, 8, 12, 14, 17,20, 22,27,30,32,34, 

+  38,40,45,44,51,53,56,58,63,64,69,71,75,77,79,84,86,89,92, 

♦  94,99,100,105,107,110,112,117,118,123,125,129,131,133,136, 

+  141,143,147,149,151,155,157,162,164,166,171,172,177,179, 

+  183,185,187,190,195,197,201,203,205,209,211,216,219,221, 

♦  223,227,229,234,235,240,242/ 

*  build  first  coluan  of  Is 

do  1  row=l,a 
a(roH,()'l. 

1  continue 

*  build  base  design 

do  2  row=l,a 
do  3  j*l,k 
do  4  i=l,3 

if  (rn5(row)  .le.  i*(3**(k-j) ))  then 
a(row,j+l)=i-2 

rn5(ro*)=rn5(ro«)-(i-l)»3*»(k-j) 
go  to  3 
endif 

4  continue 

3  continue 

2  continue 

else  if  (k  .eq.  6)  then 
■=243 

data(rn6(row) ,row=l ,243) /I ,367,724,348,678,72,665,50,380, 

♦  493,121,478,102,441,555,419,533,143,247,604,241,594,195, 

♦  309,173,296,626,139,415,538,486,492,120,551,107,437,622, 

♦  178,292,240,246,612,314,590,191,385,661,46,723,9,366,68, 

+  344,683,196,310,586,291,630,177,608,236,251,679,64,349, 

♦  54,384,660,362,728,5,433,556,103,537,138,423,125,482,488, 

♦  254, 620, 221, 571, 199, 322, 189, 276, 633, 17, 374, 704, 325, 691, 

♦  76,672,30,396,500,128,467,88,445,559,426,522,150,392,668, 


k  35,709,13,370,75,333,690,146,431,518,463,496,133,567,87, 

+  444,638,185,272,217,259,616,321,570,207,449,563,83,514, 

♦  151,427,132,462,504,203,317,575,277,634,181,615,225,258, 

+  686,80,329,31,388,673,378,708,12,507,117,474,95,452,548, 

+  412,526,154,270,600,228,578,215,302,164,280,646,24,354, 

♦  720,341,698,56,649,43,400,645,165,288,233,266,596,298, 

♦  583,211,399,657,42,716,20,359,61,337,694,162,411,525,470 

+  512,113,544,91,457,702,60,336,38,404,653,355,712,25,456, 

♦  543,99,530,158,407,109,475,508,210,306,582,284,641,170, 

+  601,229,262/ 

*  build  first  coluin  of  Is 

do  6  roH=l,a 
a (row ,  1 )  =  1 . 

6  continue 

*  build  base  design 

do  7  row=l,« 
do  8  M,k 
do  9  i=l ,3 

if  (rn6(ron)  .le.  i»(3»*(k-j)>)  then 
a(roK,j+ll=i-2 

rn6(ro*)=rn6(ro*)-(i-l)t3*»(k-j) 
go  to  8 
endif 

9  continue 

8  continue 

7  continue 

else  if  (k  .eq.  7)  then 
•=243 

data<rn7(roN),ro*=l, 1151/1, 1357, 1894, 1967, 398, 944, 990, 

+  1608,687,1587,675,1050,1336,1873,70,359,896,2000,956, 

+  1988,338,708,1002,1548,1942,49,1315,8,1355,1892,1965, 

+  405,942,985,1603,691,1591,670,1045,1334,1880,68,357, 

+  894,2007,963,1986,336,703,1006,1543,1940,47,1322,6, 

+  1353,1899,1969,400,937,983,1610,689,1589,668,1052,1341, 

♦  1878,66,352,898,2002,958,1981,340,710, 1004,1541 ,1938, 

+  54,1320,472,766,2041,1682,518,1055,1452,1755,105,1707, 

+  138,1413,754,2101,451,497,1124,1661,1103,1640,566,126, 

+  1392,1767,2053,412,787,470,773,2039,1680,516,1062,1456/ 

data  (rn7  (rout  ,roti=l  16,2431/1750, 

+  100,1702,142,1408,752,2099,458,504,1122,1659,1101, 

♦  1647,564,121,1387,1771,2060,410,785,477,771,2037,1675, 

♦  520,1057,1454,1748,107,1709,140,1406,750,2106,456,499, 

+  1117,1663,1105,1642,559,119,1394,1769,2058,408,792, 

♦  619,1156,1531,1820,179,1283,843,2109,306,2178,285,822, 

♦  1189,1492,571,239,1262,1808,1223,1841,191,264,891,2157, 

+  1471,631,1177,617,1154,1538,1827,177,1281,838,2113,301, 

♦  2173,280,826,1196,1490,569,237,1269,1806,1221,1839,198, 

♦  268,886,2152,1469,638,1175,615,1161,1536,1822,172,1285, 

♦  845,2111,299,2171,287,824,1194,1488,576,241,1264,1801, 

♦  1216 , 1843 , 193 , 266 ,884 ,2159 , 1476 ,636 , 1 173/ 


»  build  first  column  of  Is 
do  11  roH-l,i 
a  (row,  1 ) =1 . 

11  continue 


♦  build  base  design 
do  12  roa=l,e 
do  13  j=l  ,k 

,  do  14  i=l,3 

I  if  (rn7(ro«)  .le.  i*(3**(k-j) ) )  then 

a(ro*,j+ll=i-2 

rn71ro«)=rn71ro*»)-(i-l)*3»*<k-.j) 
go  to  13 
endif 

•  14  continue 

i*  13  continue 

12  continue 


i 


» 


i 


else  if  (k  .eq.  8)  then 
•=243 

data(rn8(rot»),roa=l, 1471/1, 1093, 2185,2585, 3569,3689, 

♦  5061,5181,6165,2740,3022,4078,4487,5579,6338,429,1251, 

♦  1605,4669,5725,6007,584,930,1760,2412,3171,4263,1717, 

+  613,949,4274,2360,3209,6048,4674,5685,3718,2515,3607, 

+  6194,5099,5111,2109,42,1134,6349,4525,5527,1562,440, 

♦  1280,4119,2700,3027,1237,1573,469,3065,4076,2702,5541, 

+  6390,4476,3220,4222,2398,5723,6050,4631,909,1749,627, 

♦  5140,6232,5029,1055,2147,80,3639,3651,2556,1507,385, 

+  1387, 39B3, 2888, 2972, 6540, 4392, 5475, 4138, 2305, 3397, 

♦  5993,4781,5630,1908,561,816,6139,4963,5299,2054,230, 

♦  998,3828,2463,3555,1000,2092,187,3503,3839,2501,5331, 

+  6099,4977,2929,4021,2890,5486,6497,4421,1428,1521, 

♦  336,5668,5914,4819,854,1937,491,3330,4170,2346,529, 

+  883,1867,2276,3359,4208,4860,5592,5955,2449,3514,3877/ 

data(rnB(roe),r(w=148, 2431/5006, 

♦  5288,6110,192,1041,2052,4432,5443,6526,374,1439, 

♦  1469,2850,2970,4026,799,1801,679,3275,4358,2210,5778, 

+  5862,4767,3448,3784,2608,5195,6287,4922,1191,1959, 

♦  135,5350,6442,4609,1373,1628,281,3120,3969,2757,319, 

+  1303,1657,2795,3158,3890,4542,5391,6474,2221,3304,4315, 

+  4724,5780,5900,720,750,1815,4870,5233,6298,137,1148, 

♦  1997,2640,3462,3744,1999,94,1186,3773,2651,3419,6249, 

♦  4911,5247,3928,2833,3079,6404,4580,5420,1698,252,1335, 

+  5857 ,4726,5818,1853,668,761, 4329 ,2253,3264/ 

»  build  first  coluan  of  Is 
do  16  roM=l,a 
a(roM,l)=l. 

16  continue 


*  build  base  design 
do  17  roM=l,a 
do  18  j=l,k 
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do  19  i=l,3 

if  (rnfl(roit)  .le.  i»(3**(k-j))l  then 
alro*,j+l)=i-2 

rnB(roe)=rn8(ro»)-(i-l)*3**(k-j) 
go  to  18 
endif 

19  contiNue 

18  continue 

17  continue 

else 

*  k  equals  9 

•=243 

data  lrn9lrot*>,row=l,  1251/1, 14279, 8604, 9193, 351 8, 16815, 

+  18142,11729,6297,4215,15331,9899,12435,4813,18839,15066, 

♦  7192,788,5510,19545,10951,7898,1494,13573,16118,10677, 

+  2812,3163,17441,8841,12355,5942,17790,14005,8330,711, 

+  4461,18493,13052,6849,1405,14711,16032,9625,3950,2111, 

+  13230,7543,10331,2460,16735,19271,11652,5245,6325,17678, 

+  12003,8218,356,14391,17167,9305,3135,1062,15085,6737, 

♦  10002 , 3838 , 15686 , 18465 , 12787 , 4916 , 2357 ,16383, 10705 , 

+  11297,5622,19168,13685,7524,1837,12232,5855,17919,13891, 

+  8459,615,3400,17399,8808,6969,1318,14597,15918,9511, 

+  4097,4455,18694,13019,10208,2616,16621,19400,11538,5149, 

+  2105,13188,7753,8104,269,14511,17053,9425,3048,6553, 

♦  17645, 11970,10131, 3751 ,15563,18351 , 12664,5072, 1047,15295/ 
data  (rn9  Iron)  ,rai**126, 2431/6704, 

+  11183,5778,19045,13814,7401,1750,2342,16350,10915, 

♦  9079,3422,16944,18019,11858,6210,238,14246,8562,12564, 

♦  4717,18725,14943,7078,944,4209,15541,9857,7784,1641,13459, 

♦  16238,10563,2725,5504,19512,11152,17173,9338,2934,6439, 

♦  17531,12117,8098,470,14478,18228,12820,4958,1176,15181, 

+  6608,10125,3709,15773,13691,7314,1879,2228,16479,10819, 

♦  11420,5736,19012,18148,11771,6087,124,14123,8718,9064, 

♦  3632,16911,14829,7234,821,4333,15418,9770,12549,4684, 

♦  18935,16124,10476,2845,5390,19632,11065,8012,1608,13426, 

♦  14020,8363,501,3277,17285,8964,12226,6065,17877,15804, 

♦  9658,3983,4575,18580,12932,6963,1285,14798,19286,11442, 

+  5278,1982,13317,7666,10445,2583,16579/ 

*  build  first  colum  of  Is 

do  21  rou=l,« 
alroM, 1 ) =1 . 

21  continue 

t  build  base  design 
do  22  roM=l,i 
do  23  j=l,k 
do  24  i*l,3 

if  (rn9(ro«)  .le.  it(3**<k-j))l  then 
a(ro»,j+l)=i-2 

rn9(ro»)=rn9(roN>-(i-l)*3tt(k-j) 
go  to  23 


24  continue 

23  continue 

22  continue 

end  if 

*  build  squared  coluans 
1000  do  26  col=2,k+l 

do  27  rou=l,a 

a(roM,col+k}=a(roM,col)ta(roN,col) 

27  continue 

26  continue 

*  build  tuo-factor  interaction  coluans 

nn=2 

cj=2 

do  28  ii=l,k-l 
do  29  jj=cj,k 
do  30  rou=l,a 

alroH,2»k+nn)=a(ro*,n+l)*a(ro»t,  jj+1) 

30  continue 
nn=nn+l 

29  continue 

cj=cj+l 

28  continue 

•create  rows  of  center  points  to  be  able  to  calculate  lack  of  fit 
do  31  roN3l,4 
a(a+ro*,l)=l. 

31  continue 

do  32  ro*»=l ,4 

do  33  col=2,l+2*kr(k*(k-lll/2 
a(a+roN,col)=0. 

33  continue 

32  continue 

a=a+4 

2000  end 


•••tt4»«mm*tmm»tttt*tmt**tmU«»**f  >••*•••«*••••••«•••••••••• 

•SUBROUTINE  NAME:  user 

•ARGUNENT  LIST:  (a,k,a,n) 

•CALLED  BY  :  aain 

•CLASS:  sa799  PROJECT:  Thesis  Research  ADVISOR:  Cook  DATE: 10  October 


•NAME  OF  PROGRAMMER:  Kalla  Sparro*  (LOGIN  NAME:  ksparroa) 


****t**t*tt*t»t**»*t*t*tt*tt»*ttt****t*t*t»*ttt**ttt»***i****t»*»ttt*»*« 


♦MODULE  DESRIPTION:  This  subroutine  asks  the  user  to  input  his  own 
♦  design  aatrix 

tfttt*tt**t*f*t**t»*tt*ft*t****«*t**tt*t****tttt*******t******»t*t»**t»* 


♦ARGUMENTS: 

*  NANE 

IN/ 

OUT 

TYPE 

PASSED/ 

GLOBAL 

PURPOSE 

*  a (600 , 600) 

out 

real 

passed 

inputted  design  aatrix 

*  k 

in 

integer 

passed 

the  1  of  factors 

*  a 

out 

integer 

passed 

the  f  of  rows  of  a 

*  n 

out 

integer 

passed 

the  <  of  cols,  of  a 

****** ********************************** ************ ***************§***♦ 

♦LOCAL  VARIABLES: 

TYPE: 

PURPOSE: 

*  i 

integer 

used  for  a  row  counter  in  do  loop 

*  J 

integer 

used  for  a 

coluan  counter  in  loop 

KlitlfitiHiHHHOHfmiHIHIIliiHKmiflHKHHHiiKHIHHIH 

tfHHIitHIHIIHiHIIHHIHHHHtlHiHHtHItXtOIttmiXHHKtt 

♦BEGINNING  OF  ACTUAL  FORTRAN  CODE* 
subroutine  user<a,k,a,n) 

♦DECLARATIONS* 

integer  a,n,k,i , j 
real  a (600,600) 

print  *,'Reaeaber  to  input  all  the  coluans  including  the' 
print  »,'coluan  for  the  intercept' 

print  *,'If  design  is  second-order  you  will  need  l+2k+(k(k-l)>/2- 
print  *, 'coluans' 

print  *,'If  squared  and  interaction  coluans  are  not  input  in' 
print  *,'the  correct  order  the  regression  coefficients  Mill  * 
print  *,'not  be  uncoded  correctly.' 
print  *, 'Input  the  nuaber  of  rows’ 
read  *,a 

print  *, 'Input  the  nuaber  of  coluans' 
read  *,n 

print  *,'The  design  aatrix  a  is  declared  real' 

print  *, 'Input  the  center  rows  last!' 

print  *, 'Input  the  nuabers  with  coaaas  between  thea' 

do  1  i=l ,a 

print  *, ’Input  row  ’,i 
read  *,(a(i,j),j=l,n) 

1  continue 


print  *,'Here  is  your  echo  check' 


100 


print  * 
print  * 
print  * 
print  * 
print  * 
print  * 
do  2  i=l,a 

print  100,(a(i,j),j=l,n) 

for  tit  ( '  ',11F4.3/C  ,,llF4.3)/r  *,lIF6.3)/t '  ',11F4.3)/ 

♦  ('  ’ ,11F6.3)) 

2  continue 

end 

♦SUBROUTINE  NAHE:  coapar 

♦ARGUMENT  LIST:  (a^aja^aaa^an^ave^yave) 

♦CALLED  BY  :  aain 

(CLASS:  5*799  PROJECT:  Thesis  Research  ADVISOR:  Coot  DATE: 10  October 

(NAHE  OF  PROGRAMMER:  Kalla  Sparroa  (LOGIN  NAME:  ksparrow) 

((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((MM 

(MODULE  DESRIPTION:  This  subroutine  compares  t*o  aatrices  --  the 
(  aost  recent  generated  design  aatrix  (a)  and  the  previously 
(  used  design  aatrix  (aa).  IT  there  are  roas  that  are  the  saae 
(  then  the  response  average  Mill  be  the  saae.  The  siaulation  aodel 
(  does  not  need  to  be  run  for  that  roa.  The  previously  obtained 
(  response  can  be  copied  into  the  response  average  vector  for  this 
(  aost  recent  aatrix  and  be  used  for  the  regression. 

(*»«((((((((({((((((((((*(*((((((((*((*((((((((((((((((((((((((((((((((( 


(ARGUMENTS: 

(  NAHE 

IN/ 

OUT 

TYPE 

PASSED/ 

6L0BAL 

PURPOSE 

(  a <600 ,600) 

in 

real 

passed 

recent  design  aatrix 

(  aa (600,600) 

in 

real 

passed 

previous  design  aatrix 

(  a 

in 

integer 

passed 

1  of  roes  of  a 

(  n 

in 

integer 

passed 

1  of  coluans  of  a 

(  aaa 

in 

integer 

passed 

t  of  tons  of  aa 

(  aan 

in 

integer 

passed 

1  of  coluans  of  aa 

(  yave(400,400) 

( 

out 

real 

passed 

response  averages  that 
are  the  saae 

*  yyave( 600,600) in 

i 

real 

passed 

response  averages  froa 
the  previous  analysis 

(((**(§•((((((•(((((((((((*(*((((((•(((((((*(((((((((((((•(((((((((((((( 


(LOCAL  VARIABLES:  TYPE:  PURPOSE: 
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I  *  I «.  I 


a 

i 


*1 


» 


a 

a 


» 


i 


(  i 

integer 

»  i 

integer 

*  k 

integer 

*  r  (600) 

integer 

used  as  row  counter  for  a 
used  as  coluan  counter  for  a 
used  as  ton  counter  for  aa 
used  for  nonrepeated  tons 


HHHHHHHHHIlHimHHHHHHHHlIHHIHHmHHHHHHHH 


(BESINNIN6  OF  ACTUAL  FORTRAN  CODE* 

subroutine  coapar(a,aa,a,n,aaa,aan,yave,yyave> 


♦DECLARATIONS* 

integer  a,n,3a«,aan,i , j,k,r (600) 

real  a(600,600) ,aa(i00,i00) ,yave( 600, 6001 ,yyave(B00,i00) 

do  1  i=l, a 
k=l 

10  if  (a(i,l)  .eg,  aa (k , 1 ) )  then 

go  to  3 
else 
k=k+l 
go  to  10 
endif 

3  do  2  j=2,n 

if  (a(i,j)  .eq,  aa(k,j))  then 
if  (j  .ne.  n+t)  then 
go  to  2 

else 

if  (r(k)  .eq.  1)  then 
go  to  1 

else 

yave(i,l)=yyave(k,l) 
r(k)=l 
go  to  1 
endif 
endif 
else 
go  to  1 
endif 

2  continue 

1  continue 

end 

mtftMm*mtt»mm*»****m*»****f*******,*,*tif,fffM**t*l,mt,t 

(SUBROUTINE  NAME:  code 

•AR6URENT  LIST:  (a,c,a,k,ain,aax) 

(CALLED  BY  i  lain 

(CLASS:  s«799  PROJECT:  Thesis  Research  ADVISOR:  Cook  DATE: 10  October 
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» 


'  *  •  * -■*  . 


*  *  *  ■  *'.  *  •  '  »  ’  . 


uliL 


<*« 


:  .-1 

r-'  -* 


♦NAME  OF  PROGRAMMER’.  Kalla  Sparroa  (L06IN  NAME:  ksparrow) 


»<♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦«*♦*«»♦» 

♦MODULE  DESRIPT IDN:  This  subroutine  codes  the  design  eatru  into 

*  a  aatrix  (c)  that  has  the  factors  at  the  levels  needed  for 

*  the  simulation  aodel. 

HHHIlHHIlHtiHmHiHmOHiitltHtlKHKHimiOHmHItHII 


♦ARGUMENTS: 

IN/ 

TYPE 

PASSED/ 

PURPOSE 

♦  NAME 

6L0BAL 

♦  a(600,600) 

in 

real 

passed 

design  aatrix 

♦  c (600,600) 

out 

real 

passed 

coded  design  aatrix 

♦  a 

in 

integer 

passed 

1  of  roNs  of  both 

♦  k 

in 

integer 

passed 

<  of  factors 

♦  ain(10) 

in 

real 

passed 

ainiaua  for  each  factor 

♦  aax (10) 

in 

real 

passed 

aaxiaua  for  each  factor 

♦LOCAL  VARIABLES: 

TYPE: 

♦  i 

f 

integer 

*  i 

integer 

*  1 

integer 

*  range(IO) 

real 

*  ave(10) 

real 

PURPOSE: 

used  for  counter  to  compute  ranges 
and  averages  for  each  factor 
used  for  ro*  counter 
used  for  coluan  counter 
range  of  each  factor 
average  of  each  factor 


IHHHIHIliHHIItllliHliKHHHiitIHHHIHiHKittttiHHHHHH 


♦BEGINNING  OF  ACTUAL  FORTRAN  CQDE^ 

subroutine  codeia, c, a, k,ain,aax) 


♦DECLARATIONS* 

integer  a,k,i,j,l 

real  aax (10) , ai n (10) , range ( 10) , ave ( 1 0) , a (600,600) ,c 1 600,600) 

♦  calculate  range  and  average  of  each  factor 
do  1  i=I ,k 

range (i ) =aax (i ) -ain ( i ) 
ave(i)=(aax(i)+ain(i))/2. 

1  continue 


*  code  aatrix  c  to  inputs  that  simulation  aodel  can  accept 
do  2  j»l,a 
do  3  1=1,  k 

c(j,l)=a(j,l+l)*range(l)/2.+avell) 

3  continue 

2  continue 


HHHtiHHHftHHttHHHKHHHHHilHtlHHKIiltHtitltiHHIlit 

{SUBROUTINE  NAME:  siarun 

{ARGUMENT  LIST:  (c,y ,yave,a,k,rep) 

{CALLED  BY  :  aain 

*CLASS:  sa7?9  PROJECT:  Thesis  Research  ADVISOR:  Cook  DATE: 10  October 

♦NAME  OF  PROGRAMMER:  Kalla  Sparrow  (LOGIN  NAME:  ksparrow) 

lf<{{{{{{{ft{{{{{{{({{*{{|{(HH({{{{{{ft({{t{{{{{{«{{{{{{{{{{{{{{{{({{{ 

{MODULE  DE5RIPTI0N:  This  subroutine  calls  the  sia  subroutine 
{  written  by  the  user  to  obtain  responses  Tor  those  rows  needed. 

mimiilHHIIliHIIIHIHHHtttHilltlllliHHHitiilHHtititHliH 


{ARGUMENTS: 

IN/ 

TYPE 

PASSED/ 

PURPOSE 

*  NAME 

OUT 

6L0BAL 

*  c (600,6001 

in 

real 

passed 

coded  aatrix  oT  factor 

* 

levels 

*  y (600, 600) 

out 

real 

passed 

aatrix  of  responses 

*  yave(600,600) 

in 

real 

passed 

previously  obtained 

{ 

responses 

*  a 

in 

integer 

passed 

1  of  rows  of  c 

*  k 

in 

integer 

passed 

t  of  factors 

*  rep 

in 

integer 

passed 

t  of  replications 

HKHilHilfdHfHHHfillHtfHHfHfHlfHHiiHKHHttHtiflHHK 


{LOCAL  VARIABLES: 

TYPE: 

PURPOSE: 

*  j 

integer 

row  you  are  on  in  c 

*  1 

integer 

repitition  you  are  on  in  row  j 

*  yl 

real 

an  observation  that  is  obtained 

mmmmmmmmttHH  tttt*({{»t*{{{*tttmm{{{{{{{{{{{{{{*{{{ 

{BEGINNING  OF  ACTUAL  FORTRAN  CODE* 

subroutine  siarun (c,y,yave,a,k, rep) 

{DECLARATIONS* 

integer  a,k,j,l,rep 

real  c(600,600) ,y(400,400),yave(600,400),yl 
do  1  j=l,a 

if  (yave(j,l)  .ne.  0.)  then 
go  to  1 


do  2  1=1, rep 

call  sia(c,yl,j,k) 

y<J.i)=yi 

2  continue 

endi-f 

1  continue 
end 

IHHHIlfllHIHtHlIKKHHHiiHifiHHitiKtHliiitHliliKHIIIIfi 

IHMHItllitHHHHtmtiiiiHIIHIIHilimHIIHliiiititimiHiHH 

t SUBROUTINE  NANE:  tean 

♦ARGUHENT  LIST:  ly,rep,a,yave) 

♦ CALLED  BY  :  lain 

tCLASS:  5«799  PROJECT:  Thesis  Research  ADVISOR:  Cook  DATE: 10  October 
»NANE  OF  PROGRAHNER:  Kalla  Sparrow  (LOGIN  NANE:  ksparro*) 


HIHftlHHililHimHIliiHHHIHHtHHHtlHtHOmtHiHIllfHli 

♦NODULE  DESRIPTION:  This  subroutine  calculates  the  »ean  of  each  row 
♦  of  a  aatrix 

HHHHmilHIHHHilHItHHHHHIHIIHHiHHiiffHHKHHIttHI 


♦ARGUNENTS: 

IN/ 

TYPE 

PASSED/ 

PURPOSE 

♦  NANE 

♦  y( 400,400) 

in 

real 

passed 

aatrix  of  responses 

♦  rep 

in 

integer 

passed 

t  of  repititions 

♦  a 

in 

integer 

passed 

i  of  rows  of  y 

♦  yave (400,400)  out 

real 

passed 

aatrix  of  averages 

HiHHHIIIHHKHIKHitHIHiHIHHiitllltlHHtlifmititiflHmt 


♦LOCAL  VARIABLES: 

TYPE: 

PURPOSE: 

♦  i 

integer 

counter  used  for  rows 

*  j 

integer 

counter  used  for  coluans 

*  sua 

real 

used  to  calculate  rsua 

♦♦♦♦♦♦♦♦♦♦*♦♦♦♦>♦♦♦♦*♦♦♦♦♦♦*♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦(«{♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦♦ 

♦BESINNINS  OF  ACTUAL  FORTRAN  CODE# 
subroutine  *ean(y,rep,a,yave) 

•DECLARATIONS* 

integer  rep,i,j,a 

real  y(AOO,AOO),yave(AOO,A0O),sua 


♦BEGINNING  OF  ACTUAL  FORTRAN  CODE* 
subroutine  *rite(a,yave,«,n) 


0 


♦DECLARATIONS* 

integer  »,n,i,j,l 

real  a(600,600) ,yave(600,600) 

open (uni t=7,f i 1 e= 'eatrix ' , status* 'new' , access*' sequential ' , 
+  fare* ’formatted') 
rewind  7 

do  3  1=1, a 

a(l,n+l)=yave(l,l) 

3  continue 


do  1  i=l,« 

write (7, 100) (a(i, j) , j=l ,  n+1 ) 

100  foreatC  ',5F12.5/C  ',5F12.5l/(‘  ',5F12.5)/ 

♦  ('  ',5F12.5)/(‘  ' ,5F  12.5) / ( '  ',5F12.5)/('  ”,5F12.5)/ 

+  C  ' ,5F12. 5) / ( *  ',5F12.5)/I'  *f5F12.5)/( '  *,5F12.5)/ 

+  C  * ,5F12.5)> 

1  continue 

end 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦»♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
♦SUBROUTINE  NAME:  regres 

♦ARGUMENT  LIST:  (x , k ,•  ,n ,y ,dt ,b 1 
♦CALLED  BY  :  lain 

♦CLASS:  sb799  PROJECT:  Thesis  Research  ADVISOR:  Cook  DATE: 9  October 

♦NAME  OF  PROGRAMMER:  Kalla  Sparrow  (LOGIN  NAME:  ksparrow) 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦{♦*♦♦*♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦MODULE  DESRIPTIQN:  This  subroutine  performs  the  regression  by  use 
»  of  least  squares  procedure 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦(♦♦♦mifim  ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦(♦♦♦♦♦a 


♦ARGUMENTS: 

IN/ 

TYPE 

PASSED/ 

PURPOSE 

♦  NAME 

♦  *(600,600) 

in 

real 

passed 

design  eatrix  a 

♦  k 

in 

integer 

passed 

<  of  factors 

♦  ■ 

in 

integer 

passed 

t  of  rows  of  *  or  a 

♦  n 

in 

integer 

passed 

1  of  cols  of  *  or  a 

♦  y (600 , 600) 

in 

real 

passed 

response  vector 

♦  dt 

in 

integer 

passed 

design  type 

♦  b (600,600) 

out 

real 

passed 

beta  estieates(coded) 

♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦***«♦♦♦♦♦♦♦♦♦«♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦»< 


LOCAL  VARIABLES: 

TYPE: 

PURPOSE: 

i 

integer 

used  as  do  loop  counter 

j 

integer 

used  as  do  loop  counter 

regdf 

integer 

regression  degrees  of  freedoa 

resdf 

integer 

residual  degrees  of  freedoa 

totdf 

integer 

total  degrees  of  freedoa 

pedf 

integer 

pure  error  degrees  of  freedoa 

lacdf 

integer 

lack  of  fit  degrees  of  freedoa 

nl 

integer 

I  of  replicated  center  paints 

c (600,600) 

real 

aatrix  obtained  froa  aataul 

v(60,60) 

real 

variance-covariance  aatrix 

srot (60) 

real 

standard  errors  of  coefficients 

t(60) 

real 

t-statistics  for  coefficients 

sua 

real 

used  to  coapute  ybar 

rsq 

real 

r  squared  statistic 

freg 

real 

f-statistic  for  regression 

flac 

real 

f-statistic  for  lack  of  fit 

SSreg 

real 

sua  of  squares  due  to  regression 

HSreg 

real 

aean  squares  due  to  regression 

SSregc 

real 

SSreg  corrected  for  aean 

SSres 

real 

sua  of  squares  due  to  residual 

HSres 

real 

aean  squares  due  to  residual 

SStot 

real 

total  sua  of  squares 

SStotc 

real 

SStot  corrected  for  aean 

SSpe 

real 

sua  of  squares  due  to  pure  error 

HSpe 

real 

aean  squares  due  to  pure  error 

SSlac 

real 

sua  of  squares  due  to  lack  of  fit 

HSlac 

real 

aean  squares  due  to  lack  of  fit 

ccc (600,600) 

real 

used  in  aataul  subroutine 

cc (600,600) 

real 

used  in  aataul  subroutine 

ybar 

real 

average  of  responses 

suae 

real 

used  to  coapute  ybar  of  center  points 

yebar 

real 

average  of  responses  at  center  points 

yy 

real 

used  to  calculate  y'y  at  center  pts. 

btran(600,600) 

real 

b  transpose 

xtran (400 , 600) 

real 

x  transpose 

cccc (600,600) 

real 

obtained  in  aataul  subroutine 

prod (600,600) 

real 

obtained  in  aataul  subroutine 

prodin (600,600) 

real 

obtained  in  invert  subroutine 

^BEGINNING  OF  ACTUAL  FORTRAN  CODE* 

subroutine  regres(x,k,a,n,y,dt,bl 

♦DECLARATIONS* 

integer  dt,a,n,k,i, j,regdf ,resdf , totdf ,pedf , 1 acdf ,nl 
real  x <600,600) ,c (600,600) ,v(60,40) ,prodin <600,600) , 

+  y (400,600), b (600, 600), srot (60) ,ytran (600, 600), prod(600, 6001, 
k  t (60) , sue, rsq,freg,flac, SSreg, NSreg,SSregc,SSres,NSres, 

*  SStot, SStotc,SSpe,NSpe,SSlac,NSlac,ccc (600, 600),cc (600, 600), 
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+  ybar, suae, ycbar,yy,btran(600, 600)  ,xtran  (600,600)  Tcccc  (600,600) 
•ALGORITHM* 

*  calculate  degrees  of  freedoi 

totdf =■ 
regdf=n 
resdf=«-n 

*  b=(x'x)inverse»x’y 
»  SSreg=b'x'y 

*  SStot=y'y 

*  SSres=SStot-SSreg 

*  HSreg=SSreg/regdf 

*  HStot=SStot/totdf 
»  HSres=SSres/resdf 

call  transp(x,xtran,f,n) 

call  aataul (xtran,x,prod,n,»,nl 

call  invertlprod, prodin, n) 

call  aataul (prodin,xtran,c,n,n,«) 

call  aataul (c,ytb,n(a,l) 

call  transp<b,btran,n,l) 

call  iataul(btran,xtran,cc,l,n,a) 

call  aataul (cc,y,ccc,l, a, 1) 

SSreg=ccc(l,l) 

call  transp(y,ytran,a,l) 

call  aataul(ytran,y,cccc,l,a,l) 

SStot=cccc(l,l) 

SSres=SStot-SSreg 

HSreg=SSreg/regdf 

MStot=SStot/totdf 

HSres=SSres/resdf 

»  calculate  the  variances  of  the  coefficients 
do  1  i=l,n 

vti,i)=prodin(i,i)*HSres 
1  continue 


a  estiaated  standard  errors 


do  22  i=l,n 

srot(i)=sqrt(v(i,i)> 

22  continue 

*  calculate  t-statistics  for  each  of  the  coefficients 

do  23  i=l ,n 

t(i)=b(i,l)/srot(i) 

23  continue 

*  calculate  ybar 

su«*0. 

do  24  i=l,a 

sua=sua+y ( i ,  1  > 

24  continue 
ybar=sua/a 

*  calculate  SSreg  corrected  for  the  aean 

SSregc=SSreg-(sua*sua)/a 

*  calculate  SStot  corrected  for  the  aean 

SStotc-SStot- (suatsua) / a 

»  calculate  residual  SS  and  HS  and  d.f.  due  to  pure  error 

if(dt  .eq.  1  .or.  dt  .eq.  2  .or.  dt  .eq.  3  .or.  dt  .eq.  Slthen 
nl=4 

else  if  (dt  .eq.  4  .and.  I:  .eq.  2)  then 
nl=8 

else  if  (dt  .eq.  4  .and.  k  .eq.  3)  then 
nl=9 

else  if  (dt  .eq.  4  .and.  k  .eq.  4)  then 
nl=12 

else  if  (dt  .eq.  4  .and.  k  .eq.  5)  then 
nl=10 

else  if  (dt  .eq.  4  .and.  k  .eq.  6)  then 
nl=I5 

else  if  (dt  .eq.  4  .and.  k  .eq.  7)  then 
nl=22 

else  if  (dt  .eq.  4  .and.  k  .eq.  8)  then 
nl=20 

else  if  (dt  .eq.  4  .and.  k  .eq.  9)  then 
nl=3t 
else 

28  print  Input  the  t  of  center  points  in  your  design’ 

read  *,nl 

if  (nl  .le.  1)  then 

print  t,’You  aust  have  acre  than  1  center  point' 
go  to  26 
endif 
end  if 
pedf=nl-l 

suacs0. 

do  25  j=a-nl+l,a 


suac=suac+y(j,l) 

25  continue 
ycbar=suac/nl 
yy=0. 

do  26  i=a-nl+l ,a 

yy=yy+y(i,l)*yU,l) 

26  continue 
SSpe=yy-(suac»suac)/nl 
HSpe=SSpe/pedf 

*  calculate  residual  SS  and  US  and  d.f.  due  to  lack  of  fit 

lacdf=resdf-pedf 

SSlac=SSres-SSpe 

MSlac=SSlac/lacdf 

t  calculate  Rsquare 

rsq=<SSregc/SStotc) 

*  calculate  F  test  statistic  For  regression  aadel 

freg=HSreg/HSres 

*  calculate  F  test  statistic  for  lack  of  fit 

flac=NSlac/HSpe 

*  print  regression  output  hhhhhhohuhhmhhhhhhh 

print  100 

100  foraatlllx, ’ANOVA  for  Response  Surface  Methodology') 

print  200 

200  foraatdlx,  ’ _ •) 

print  * 
print  * 
print  * 
print  300 

300  foroat (Sx , ’SOURCE ' ,9x, ’d.f . ’,9x, 'SS' ,17x , ’HS’I 

print  400 

400  foraat(5x,’ _ _ _ 

♦  ' _ ’)  .  . 

print* 

print  500, ' Regressi on ' , regdf , SSr eg , HSreg 
500  foraat(4x,A14,2x,I2,lx,FlB.6,lx,F18.6) 

print  500, 'Resi dual ',resdf,SSres,HSres 
print  500, ‘Pure  Error ’,pedf,SSpe,HSpe 
print  500, 'Lack  of  Fit',lacdf,5Slac,tt51ac 
print* 
print  400 

print  600, ’Total’, totdf ,SStot 
600  foraat(4x,A14,2x,I2,lx,Fl8.6) 

print  400 
print  « 
print  * 

print  *,’F-statistic  for  Regression  Nodel*  ',freg,’d.f.= 

*  regdf ,’, ’,resdf 


print  », "F-statistic  for  Lack  of  Fi t=  flac,‘  d.f.= 

+  lacdf , ’ , * (pedf 
print  * 

print  (,'Rsquare  (corrected  for  aean)  =  ‘,rsq 
print  * 
print  * 

print  V  degrees  of  freedoa  for  t-stati stics=  ',a-n 
print  * 
print  700 

700  foraat(5x,'Beta  Estiaates',4x, 'standard  error (b) ',4x, 

+  ’t-statistic) 
print  800 

800  foraat(5x,‘ _ _ _ '  I 

print  * 
do  27  i=l ,n 

print  900, 'b(',i-l, ’)«  ',b(i,l),srot(i),t(i) 

900  foraat(5x,fl2,I21A3,Fi2.5,lx,F12.5,5x,F12.5) 

27  continue 

print  800 

»  finished  printing  regression  output  ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦§#♦♦♦♦*«§♦♦ 
end 


HHHHiKHHfflidifmffffHHHIlffidiHtHiMHKIIMHHKHHK 
♦SUBROUTINE  NAME:  aataul 

♦ARGUMENT  LIST:  (a,b,c,a,n,pl 
♦CALLED  BY  :  regres 

♦CLASS:  sa799  PROJECT:  Thesis  Research  ADVISOR:  Cook  DATE: 9  October 
♦NAME  OF  PROGRANNER:  Kalla  Sparrow  (LOGIN  NANE:  ksparroa) 

♦♦♦♦HIHHHHHHHIHHHHHHHHIHmHHHHHmMIHHHHHH 

♦NODULE  DESRIPTION:  aultiply  aatrix  A («*n )  and  aatrix  8(n*p)  and 
♦  set  equal  to  C(aap) 

♦♦♦♦♦♦♦«*♦♦♦♦♦»#♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦**{♦♦♦♦♦♦♦*♦♦♦♦♦♦♦♦♦ 


♦ARGUMENTS: 

♦  NAME 

IN/  TYPE 

OUT 

PASSED/ 

GLOBAL 

PURPOSE 

♦  A(H,N) 

IN  REAL 

PASSED 

MATRIX  A 

♦  B(N,P) 

IN  REAL 

PASSED 

MATRIX  B 

♦  C(M,P) 

OUT  REAL 

PASSED 

MATRIX  C 

♦  H 

IN  INTEGER 

PASSED 

•  OF  RONS  OF  A  AND  C 

♦  N 

IN  INTE6ER 

PASSED 

•  OF  COL  OF  A;  RONS  OF  8 

♦  P 

IN  INTEGER 

PASSED 

1  OF  COL  OF  B  AND  C 

tHHHHHHIitmiHHHHIHiHtHHIHWmHIIIHHHHHHHHHH 


(LOCAL  VARIABLES: 

TYPE: 

PURPOSE: 

♦  i 

integer 

used  as  counter  for  aultipl ication 

♦  J 

integer 

used  as  counter  for  aultipl ication 

*  k 

integer 

used  as  counter  for  aultiplication 

KHHHXHtIHiHHiHHHHHHHIHIHHHttHtliiHitHtIHliHHK 

(BEGINNING  OF  ACTUAL  FORTRAN  CODE* 

SUBROUTINE  HATNUL(A,8,C,n,N,P) 

(DECLARATIONS* 

INTE6ER  N ,H ,P ,  I , J ,K 

REAL  A(&00,600) ,B(&00,600) ,C(600,600) ,SUH 

(ALGQRITHN* 

DO  20  I  =  1,N 
DO  10  J  =  1,P 
SUN  =  0.0 
DO  5  K  =  1,N 

SUN  =  SUN  (  Ad ,10  (  B(K,J> 

5  CONTINUE 

C1I,J>  =  SUN 
10  CONTINUE 
20  CONTINUE 

END 

t«m*»<»(((((((*(((((((((((((*(*(»f»«tmtf***((t(((*(ttmt«((((((((*( 
tf*mi((*(((***((***f(*(*(*(**(*(t*M(((*»*i*(*(((*m(»tt*ttf  *(»*(*(* 

(SUBROUTINE  NANE:  transp 

♦ARGUMENT  LIST:  <a,b,a,n) 

(CALLED  BY  :  regres 

♦CLASS:  sa799  PROJECT:  Thesis  Research  ADVISOR:  Cook  DATE: 9  October 

(NANE  OF  PROGRAMMER:  Kalla  Sparrow  (LOGIN  NANE:  ksparrow) 

t*f**fmotti(f»*mt»itit«**Hmmtf*t»t**(*((**m(*(mft(*((*((x 

(NODULE  DESRIPTION:  takes  a  aatrix  A  (a*n)  and  coaputes  its 
(  transpose  aatrix  B  (n*a) 

»«t*t<(*((*((((((((*(*((*t((>(*(((M((**t(t(*(*(H(((((f  (((***(*(«((*((« 


(ARGUMENTS: 

(  NAME 

IN/  TYPE 

OUT 

PASSED/ 

GLOBAL 

PURPOSE 

(  A ( 600 , 600) 

IN  REAL 

PASSED 

MATRIX  A 

(  B (600,600) 

OUT  REAL 

PASSED 

MATRIX  B 

*  H 

IN  INTEGER 

PASSED 

1  ROUS  OF  A 

(  N 

IN  INTEGER 

PASSED 

1  COLUMNS  OF  A 

HIHtHHHtllHHMHHIliHHIHHIlHHtiltlMHIIliitimitllHmi 


(LOCAL  VARIABLES: 

TYPE: 

PURPOSE: 

*  i 

integer 

t  rows  of  A 

*  j 

integer 

1  coluans  of  A 

HHHHHHHHilimmHHiHHIHmHIIIiliiiHmiHlltlliHKHK 

(BEGINNING  OF  ACTUAL  FORTRAN  CODE* 

SUBROUTINE  TRANSP(A,B,H,N> 

(DECLARATIONS* 

INTEGER  M,N,I,J 

REAL  A (600 ,600) ,B(600,400) 

(ALGORITHM* 

DO  20  I  =  1,11 
DO  10  J  =  1 , N 
B(J,I)  *  A ( I , J) 

10  CONTINUE 
20  CONTINUE 

END 

m*f*»(m*»t»***(*(«»(*(((»t(t((*((*mt((t(((((*(Ht*»ttm*((**(t(»( 
((*((*(*(*((**(((*t**(**»*tt»*mt»«mi(*((*(***(*((tttm*m(*(****(* 
(SUBROUTINE  NAME:  uncode 

(ARGUMENT  LIST:  (b,ain,aax,dt,k, order) 

(CALLED  BY  :  aain 

(CLASS:  sa799  PROJECT:  Thesis  Research  ADVISOR:  Cook  DATE: 12  October 

(NAME  OF  PROGRAMMER;  Kalla  Sparrow  (LOGIN  NAME:  ksparrow) 

((t(((***(((((((t(Hf*tt(t(((((«(((*(tt(*«t(**f*mm((i**(*(*((*(((*(* 

(MODULE  DESRIPTION:  This  subroutine  uncodes  the  beta  estimates 
(  obtained  in  the  regression  subroutine 


♦*♦**«*********♦**♦♦♦*♦*♦♦**♦*♦♦**♦♦**♦♦♦♦*****♦♦♦***♦♦* *«*♦♦*♦♦♦♦♦*»** 


♦ARGUMENTS: 

IN/ 

TYPE 

PASSED/  PURPOSE 

♦  NAME 

OUT 

GLOBAL 

*  b (600,600) 

in 

real 

passed  beta  estimates  fro*  reg 

*  lin(lO) 

in 

real 

passed  ainiau*  levels  of  factors 

♦  aax(10) 

in 

real 

passed  aaxiaua  levels  of  factors 

*  dt 

in 

integer 

passed  design  type 

*  k 

in 

integer 

passed  1  of  factors 

*  order 

in 

integer 

passed  design  order  if  dt=6 

tKHKIlimilHHHHIHHHHHHiitiHHiltmiHfHKHtlHimtiH 

♦LOCAL  VARIABLES: 

TYPE: 

PURPOSE: 

*  ii 

integer 

used  as  a  counter 

♦  jj 

integer 

used  as  a  counter 

♦  i 

integer 

used  as  a  counter 

*  it 

integer 

used  as  a  counter 

*  cj 

integer 

used  as  a  counter 

*  nn 

integer 

used  as  a  counter 

♦  den(10) 

real 

range(10)/2. 

*  range (10) 

real 

range  of  factors 

*  avt? (10) 

real 

average  of  factors 

♦  nb (600,600) 

’ 

real 

neu  uncoded  betas 

»  add 

real 

add  to  nb (0) 

*  addO 

real 

add  to  nb(0) 

♦  add  1(11) 

real 

add  to  nb  linear 

*  addOO 

real 

add  to  nb(0) 

♦  add  11(11) 

real 

add  to  nb  linear 

♦  add  12 ( 1 1 ) 

real 

add  to  nb  linear 

♦  addOOO 

real 

add  to  nb (0) 

♦  t*tm**mtt*f  tttt»ti«ttt****t**tt**mtft*«tt»tttm**********f  ♦♦♦♦♦♦ 

♦BEGINNING  OF  ACTUAL  FORTRAN  CODE* 

subroutine  uncode(b,ain,aax,dt,k, order) 

♦DECLARATIONS* 

integer  dt , k, order ,ii,jj,i,il,cj,nn 

real  b (600,600) ,ain (10) ,aax ( 10) ,den(lO) ,range(lO) ,ave (10) , 

♦  nb (600,600) ,add,addO,addl (11) ,addOO,addll (11) ,addl2(ll) , addOOO 


*  find  out  if  design  type  is  first  order  or  second  order  if  user  dt 

if  (dt  .eq.  6  .and.  order  ,eq.  1)  then 
dt=61 
endif 

if  (dt  .eq.  6  .and.  order  ,eq.  2)  then 
dt=62 
endif 

♦  calculate  ranges  and  averages  for  each  of  the  factors 


*  also  calculate  denoainators  to  be  used  in  calculations 

do  1  i=l, k 

range(i)=oax(i)-ainli) 

ave(i)s(aax(i)+ain(i))/2. 

den(i)=range(i)/2. 

1  continue 

*  calculate  uncoded  beta  estiaates  if  design  type  is  first  order 

if  (dt  .eq.  I  .or.  dt  .eq.  2  .or.  dt  .eq.  61)  then 
add=0. 

do  2  i=2,k+l 
ii=i-l 

nb(i,l)=b(i,l)/den(ii) 

add=add+Mbli,l)*ave(ii))/den(ii)) 

2  continue 
nb(l,l)=b(l,l>+add 
print  * 

print  * 
print  100 

100  foraat(5x, 'Uncoded  Beta  Estiaates') 

print  200 

200  foraat(5x,' _ ') 

print  * 

*  print  uncoded  coefficients 

do  3  i=l,k+l 

print  300,’b(',i-i,‘!s  ',nb(i,l) 

300  f araat (5x , A2, I2,A3,F12. 5) 

3  continue 
print  200 

end  if 

»  calculate  uncoded  beta  estiaates  if  design  type  is  second  order 

if  (dt  ,eq.  3  .or.  dt  .eq.  4  .or.  dt  .eq.  5  .or.  dt  .eq.  62)  then 

*  calculate  initial  uncoded  linear  coefficients  and  change  b(0> 

add0=0. 
do  4  i=2, k+1 
ii=i-l 

nb(i,l)=b(i,l)/den(ii) 
add0=add0M-(b(i  ,l)*ave(ii))/den(ii)) 

4  continue 

»  calculate  squared  coefficients,  change  linear  and  change  b (0) 
do  5  i=2, 1 1 
addl (i>-0. 

5  continue 
add00=0. 

do  6  i=k+2, 2*k+I 
ii=i-(k+l) 

nb  ( i ,  1 )=b ( i , 1 ) / (den ( i i ) *den ( i i ) ) 
addl(i-k)saddl(i-k)+(-(2*b(i,l)*ave(ii))/ 

♦  (den (ii )*den  <i  i > ) ) 

add00sadd00+(b(i.ll*(ave(ii)*ave(ii)l)/(den(ii)*den(ii)) 


continue 


»  calculate  interaction  coefficients,  change  linear  and  change  b(0) 
add000-0. 
do  7  i=2, 11 
addlt (i)-0. 
addl2(i>=0. 

7  continue 
cj=2 
nn=2*k+2 

do  9  ii=l,k-l 
do  9  jj=c j,k 

nb(nn,l)=b(nn,l)/(denlii)*den(jj)> 

addl  1 ( i i+1 ) =addl L(ii+l)+(-(b (nn , 1 ) *ave ( j j) ) ) / 

+  (den(jj)tden(ii)) 

addl2(jj+l)=addl2(jj*l)+<-(b<nn,l)*ave<ii)l)/ 

♦  (den(ii)tden(jj)) 
add000=add000+ (b (nn , 1 ) «ave ( j  j ) *ave(i i )) / 

♦  (den(jj)*den(ii)) 
nn=nn+l 

9  continue 

cj=cj+l 

8  continue 

*  print  uncoded  coefficients 

print  » 
print  ♦ 
print  400 

400  format (5x, 'Uncoded  Beta  Estimates') 

print  500 

500  format (5x,' _ ') 

print  * 

*  beta(0)  coefficient 

print  b (0) =  'tb(l,l)+add0+add00+add000 

*  linear  coefficients 

do  11  i=2,k+l 

print  700,'bC,i-l,')=  ',nb(i,l)+addl(i)+addll(i) 
+  +addl2(i) 

700  format(5x,A2,Il,A5,F12.7) 

11  continue 

*  squared  coefficients 

i  1=1 

do  12  i=k+2,2»k+l 

print  800,'br,il,',*,il,’)=  ',nb(i,l) 

800  format (5x ,A2, II ,A1 , II , A3.F12. 7) 

il=i 1+1 

12  continue 

*  interaction  coefficients 

cj=2 

nn=2»k+2 


m 


do  13  ii=l,k-l 
do  U  j j=c j,k 

print  900,*b('Tii,’,*,jj,'>=  ' ,nb (nn, 1) 
for*at(5x,A2,Il,Al,Il,A3,F12.7) 
nn=nn*l 
14  continue 

c j=cj+l 

13  continue 

print  500 


endif 

end 

iKHHHIHHfHiKHHtHliilHIllilWIHtHiHItXKHiHIHHMiiH 

tSUBROUTINE  NAME:  copy 

♦ARGUMENT  LIST:  (a,b,a,n) 

♦CALLED  BY  i  lain 

♦CLASS:  5*799  PROJECT:  Thesis  Research  ADVISOR:  Cook  DATE: 29  Sept 
♦NAHE  OF  PROGRAMMER:  Kalla  Sparrou  (LOGIN  MAKE:  ksparrou) 
*♦♦*♦♦♦*♦*♦♦♦*♦♦**♦*♦♦**♦♦♦<*♦♦♦♦♦♦*♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦**♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
♦MODULE  DESRIPTION:  copies  *atix  a  to  *atrix  b 


♦ARGUMENTS: 

IN/ 

TYPE 

PASSED/ 

PURPOSE 

♦  NANE 

OUT 

GLOBAL 

♦  a (600 ,6001 

in 

real 

passed 

generated  design  latrix 

♦  b (600,600) 

out 

real 

passed 

copied  design  aatrix 

♦  ■ 

in 

integer 

passed 

1  of  tons  of  a  and  b 

♦  n 

in 

integer 

passed 

1  of  coIums  of  a  and  b 

HHHtatliHHtHHItltHllimttHtiiHmHHittiHKiHmHtHitiH 


♦LOCAL  VARIABLES:  TYPE: 

♦  i  integer 

♦  j  integer 


PURPOSE: 

used  for  ran  counter 
used  for  coluin  counter 


♦♦tHHHHiHHHSHIIHHIIliititlilHIiltlHfiltOHiHHHHIHiHH 

•♦♦♦HHHHIflflHilHIIIHtlHHHHiliHHtHeiHHHHHHHHHHH 


♦BEGINNING  OF  ACTUAL  FORTRAN  CODE* 
subroutine  copy(a,b,*,n) 

♦DECLARATIONS^ 

integer  *,n,i,j 

real  a<600,600) ,b(400,600) 


do  1  i=l,» 
do  2  j=l,n 

b(i,j)=a(i,j) 

2  continue 

I  continue 

end 

IHHlHHHHHHHHHHHHHHHHHHHHHHIHHHiHIIHHHHH 

SUBROUTINE  INVERT (X, XX, N) 

*  FORTRAN  PROGRAM  FOR  CALCULATING  THE  INVERSE  OF  A 

*  GIVEN  MATRIX 

t 

»  REFERENCE  IS  CONTE,  S.D.  AND  CARL  DE  BOOR, ELEMENTARY  NUMERICAL 

*  ANALYSIS:  AN  ALGORITHMIC  APPROACH,  MCGRAW-HILL  BOOK  COMPANY, 

*  3RD  EDITION,  1980. 

DIMENSION  A (360000) ,AINV (360000) ,B(600) , IPIVOT (600) , 

♦  X (600, 600), XX (600, 600) 

NS8  =N»N 
DO  10  1=1, N 
DO  10  J=1,N 

10  A((t-l)«N+J)=X(I,J) 

t 

CALL  FACTORS, A, IPIVOT, B,N,IFLAG) 

GO  TO  (20,11), IFLAG 

II  PRINT  611 

611  FORMAT ('', 'MATRIX  IS  SINGULAR') 

GO  TO  1 

20  DO  21  1=1, N 

21  B  ( I )  =0. 

IBEG=l 

DO  30  J=1,N 
B  ( J) =1 . 

CALL  SUBST (A, B,AINV(IBES), IPIVOT, N) 

B(J)  =  0. 

30  IBEG  =  IBEG+N 

DO  IS  1=1, N 
K=1 

DO  16  J=I,NSB,N 
XX(I,IO=AINV(J) 

K=K+1 

16  CONTINUE 

IS  CONTINUE 

GO  TO  1 
1  END 

» 

* 

SUBROUT I NE  FACTOR  <  A , W , I  PIVOT , D , N , IFLAG) 

DIMENSION  A!N,N) ,M(N,N) ,IPIVOT(N) ,D(N) 

IFLAG  =1 

B-43 


f  INITIALIZE  N,  IPIVOT, D 

DO  10  1=1, N 
IPIVOT(I)=I 
R0HHAX=0. 

DO  9  J=1,N 

9  ROHHftX=AMAX  1  (RQNHAX ,  ABS  (N  ( I ,  i ) ) ) 

IF  (ROMNAT.ES. 0.)  80  TO  999 

10  DUl'ROHNAT 

»  SAUSS  ELIMINATION  MITH  SCALED  PARTIAL  PIVOTING 

NM1=N-1 

IFINHi.ES.O)  RETURN 
DO  20  K=t,NHl 
J=K 

KP1=K+1 
IP=IPI VOT (K) 

COLMAX=ABS (N(IP,K))/D(IP) 

DO  11  1=KP1,N 
IP=IPIVOT(I) 

AHIK0V=A8S(N(IP,K))/D(IP) 

IF(AMIKOV.LE.COLNAT)  GO  TO  11 

COLHAX=ANIKOV 

J=I 

11  CONTINUE 

IF  (C0LI1AX .  EQ. 0, )  GO  TO  999 

t 

IPK=IPIVOT (J) 

IPIVOT  »J) =IPIVOT (K) 

IPIVOT (K)=IFK 
DO  20  I=KPl,N 
IP=IPIVOT(I) 

M(IPIK)=M(IP,K)/M(IPK1X) 

RATIO'-NIIP.K) 

DO  20  J=KP1,N 

20  M(IP,J)-RATIO*M(IPK,J)+H(IP,J) 
IF(M(IP,N).EQ.O.)  GO  TO  999 
RETURN 
999  IFLAG=2 

RETURN 
END 

it 

it 

SUBROUTINE  SUBST(M,B,X, IPIVOT, N) 

DIMENSION  M(N,N) ,B(N) ,X(N) , IPIVOT(N) 
lF(N.GT.l)  GO  TO  10 
X(l)=B(l)/N(l,l) 

RETURN 

10  IP=IPIVOT ( 1 1 

I < 1 )=B ( IP) 

DO  15  K=2,N 
IP=IPIVOT  <K) 

KM1=K-1 

SUH=0. 

DO  14  J=!,KN1 
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14  SUM=W<IP , J ) *X  < J I +SUM 

15  X (K) =B ( IP ) -SUM 
XfN)=X<N)/W{ZP,N) 

K=N 

DO  20  NP1MK=2,N 

KP1=K 

K=K-1 

IP=IPI VOT (K) 

SUH=0. 

DO  1?  J-KP1,M 

19  sun=wiip,j)*x (j)+sun 

20  X(K)=(X(K!~SUH)/IMIP,K) 
RETURN 

END 


2  Factor  Full  2*»k  Design 
1.000-1.000-1.000 


1.000-1.000  1.000 
1.000  1.000-1.000 
1.000  1.000  1.000 

1.000  .000  .000 

1.000  .000  .000 

1.000  .000  .000 

1.000  .000  .000 


c- 


4  Factor  Full  2«k  Diiign 
1.000-1.000-1.000-1.000-1.000 


1.000-1.000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000-1.000-1.000 
1.000  1.000  2.000-1.000  2.000 
1.000  1.000  1.000  1.000-1.000 
1.000  1.000  1.000  1.000  1.000 

1.000  .000  .000  .000  .000 

1.000  .000  .000  .000  .000 

1.000  .000  .000  .000  .000 

1.000  .000  .000  .000  .000 


S  Factor  Full  2«k  Doiign 
1.000*1. 000- 1.000-1. 000- 1 . 000- 1 . 000 


1 . 000-1.000-1.000-1. 000-1. 000  1 . 000 
1 . 000-1 . 000-1 . 000-1 . 000  1 . 000-1 . 000 
1.000-1.000-1.000-1.000  1.000  1.000 
1.000-1. 000-1 . 000  1 . 000-1 . 000- 1 . 000 
1.000-1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000 
1.000-1 . 000  1 . 000-1 . 000-1.000-1. 000 
1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000  1.000 
1 . 000  1 . 000-1 . 000-1 . 000-1 . 000-1 . 000 
1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000 
1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000 
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6  Factor  Full  2«*k  Dtliqn 
1.000-1. 000-1 . 000-1 . 000-1 . 000- 1.000-1. 000 
1 . 000- 1 . 000- 1 . 000-1 . 000-1 . 000- 1 . 000  1 . 000 
1.000-1, 000- 1 . 000- 1 . 000-1 . 000  1 . 000-1 . 000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1 . 000- 1 . 000- 1 . 000-1 . 000  1 . 000- 1 . 000- 1 . 000 
1.000-1.000-1.000-1.000  1.000-1.000  1.000 
'1.000-1.000-1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000 
I . 000-1 . 000-1 . 000  1 . 000-1 . 000-1 . 000-1 . 000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1 . 000-1.000  1. 000-1. 000-1 . 000-1 . 000-1 . 000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000 


1.000-1.000  1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1 . 000  1 . 000' 1.000-1. 000- 1 . 000- 1.000-1. 000 
1.000  1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000-1.000  1.000-1.000 
1.000  1.000  1.000-1.000-1.000  1.000  1.000 


1.000  1.000  1.000-1.000  1.000-1.000-1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000 


1.000 

1.000 

1.000 

1.000  1.000 

1.000  1.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000  .000  .000  .000  .000  .000  .000 


7  Factor  Full  2**k  Ditign 
1 . 000-1 . 000-1 . 000-1 . 000-1 . 000-1 . 000-1 . 000-1 . 000 
1 . 000- 1.000-1. 000-1 . 000- 1 . 000-1 . 000- 1 . 000  1 . 000 
1 . 000-1 . 000-1 . 000-1 . 000-1 . 000-1 . 000  1.000-1. 000 
1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1 . 000-1 . 000-1 . 000-1.000-1. 000  1 . 000-1 . 000-1 . 000 
1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1 . 000-1 . 000-1 . 000-1 . 000  1 . 000-1 . 000-1 . 000-1 . 000 
1.000-1.000-1.000-1.000  1.000-1.000-1.000  1,000 
1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000 
1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000-1. 000-1 . 000  1 . 000-1 . 000-1.000-1 . 000-1 . 000 
1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000 


1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1 . 000-1 . 000  1 . 000-1 . 000-1 . 000-1 . 000-1 . 000-1 . 000 
1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1,000  1,000  1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000-1-000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000 


l.OOO-i.OOO  1.000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1. 000-1. 000-1. 000  1.000-1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000  l.OOO-i.OOO 
1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 


1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000 
1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000-1.000-3.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000 


1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  .000  .000  .000  .000  .000  .000  .000 

1.000  .000  .000  .000  .000  .000  .000  .000 

1.000  .000  .000  .000  .000  .000  .000  .000 


8  Factor  Full  2»*k  Oaiign 

l.OOO-l.OOO-l. 000-1 . 000-1 . 000-1 . 000-1 . 000-1 . 000-1.000 
1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000-1.000 
1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1 . 000-1 . 000-1 . 000-1 . 000-1 . 000-1 . 000  1 . 000-1 . 000-1 . 000 
1.000-1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000 
1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000 
1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1,000 
1.000-1. 000- 1 . 000-1 . 000  1 . 000- 1 . 000-1 . 000-1.000-1.000 
1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000 


1 . 000-1 . 000-1 . 000-1 . 000  1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000-1.000 
1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000  1,000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000-1,000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000 


1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1 . 000-1 . 000  1 . 000-1 . 000-1 . 000-1 . 000-1 . 000-1 . OOOal . 000 
1.000-1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000 


1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000  I. 000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1,000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000 


1.040-1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.040-1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000-1.000 


1.040  1. 000-1. 000-1.000-1.000-1.040-1.000  1.000  1.000 
1.000  1.000-1. 000-1. 000-1. 000-1. 000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000-1.000-1.040-1.000  1.000  1.000-1.000 
1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.040  1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000-1.000-1.000-1.040  1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000 


1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000 


1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1,000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000 
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1.000  1.000-1.000  1.000  1.000  1.000-1.000-1,000-1.000 

1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000 

1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000 

1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000 

1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000 

1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000 

1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000-1. 000-1. 000-1. 000-1. 000-1. 000-1. 000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000 
1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000-1.000-1.000  1 . 000-1 . 000-1 . 000-1 . 000 
1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 

1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000 

1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000 

1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000 

1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 


C-22 


1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000 


1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000 


1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 
1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 

1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 

1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 

1.000  I. 000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 


1.000 

1.000 

1.000 

1.000  1.000  1.000 

1.000 

1.000 

1.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

9  Factor  Full  2«k  Stiign 

1.000-1.000-1.  000-1.000-1.000-1.000-1.000-1. 000-1. 000-1. 000 
1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1/ >1,000-1.000*1.000-1.000-1.000-1.000-1.000  1.000-1.000 
1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000-1. 000-1. *00-1. 000-1. 000-1. 000-1. 000  1.000-1.000-1.000 
1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1 . 000-1 . 000-1 . 000-1 . 000-1 . 000-1 . 000  1 . 000- 1 . 000-1 . 000-1 . 000 
1.000-1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000 
1.000-1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1. 000-1. 000-1. 000-1. 000-1. 000  1.000  1.000  1.000  1.000 
1 . 000-1 . 000-1 . 000-1 . 000-1 . 000  1 . 000-1 . 000-1 .000-1. 000-1 . 000 
1.000-1.000-1.000-1.000-1.000  1.000-1. 000-1. 000-1. 000  1.000 
1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000  I. 000 
1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000 


1. 000-1. 000-1. 000-1. 000  1,000  1,000-1.000  1.000-1.000-1.000 
1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1 . 000-1 . 000-1 . 000  1 . 000-1 . 000-1 . 000-1 . 000-1 . 000-1 . 000-1 . 000 
1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000 
1.000-1.000-1.000  1. 000-1. 000-1. 000-1. 000-1. 000  1.000  1.000 
1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000-1. 000-1.  OOC  1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1,000  1,000-1.000  1.000 


1.000-1.000-1,000  1. 000-1. 000-!. 000  1.000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000  1,000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000  l. 000-1. 000-1. 000-1. 000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000-1,000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1. 000-1. 000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000 


1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000 

1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000  --- - 

1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000-1 .000  1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000  1,000  1.000 

l.ooo-i.ooo-i.ooo  i.ooo  l.ooo  i.ooo  l.ooo-i. ooo-i. ooo-i. ooo  ;  :y: 

1.000-1.000-1.000  1.000  1.000  1.000  1,000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1. 000-1. 000-1. 000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000 
i.ooo-i.ooo  t.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000 


1.000-1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000-1.000 


1.000-1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000 
1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000 
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1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000-1.000  1.000-1.000  1.000  1,000-1.000-1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000 


1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000 

1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 

1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000 

1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000 

1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000 

1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000  1.000*1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000  1,000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 


1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000-1,000-1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1. 000-1. 000  1.000  1.000  1.000-1.000  1.000-1. 000-1. 000-1. 000 
1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000  1.000-1,000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000 


1.000*1 .040  1.000  1.000  1.000-1.000  1.000  1.000*1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.040  1.000 
1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1 . 000  1 . 000- 1 . 000-1 . 000- 1 . 000- 1 . 000-1 . 000-1.000-1. 000-1 . 000 
1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000-1.400-1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.400-1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000-1.000-1.000-1.000-1,000  1.000  1.000-1.000 
1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 


1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000 
1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000 
1.000  1. 000-1. OOOal. 000-1. 000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1 . 000- 1 . 000- 1 .000- 1 . 000- I . 000- 1 . 000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000 


1.040  1.000-1.000-1.000  1.000-1.000-1.040-1.000  1.000-1.000 


1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.004-1.000 
1. 000  1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000  I. 000-1. 000 
1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000-1,000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.004  1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000 
1.000  I. 000-1. 000-1. 000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1. 000-1. 000  1.000  1.000  1.000-1.000  1.000  1.000 


1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000 
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1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000  I. 000-1. 000-1. 000-1. 000  1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000 
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1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1,000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000  1. 000-1. 0C0-1. 000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1,000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000-1,000  1.000 


1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000  1.000  1.000-1.000-1,000  1.000  1.000 
1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 

1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000 

1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000-1,000 

1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000 

1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 

1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 

1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 

1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 

1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 

1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 

1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000-1. 000-1. 000-1. 000-1. 000-1. 000-1. 000-1. 000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1. 000-1. 000-1. 000-1. 000-1. 000  l. 000-1. 000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000-1,000  1.000-1,000-1.000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000  1. 000-1. 000-1. 000-1. 000 
1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000  l. 000-1. 000-1. 000-1. 000  1.000-1.000  1.000-1.000 
1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000 


1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1,000  1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000 


1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000 
1.000  1.000  I. 000  1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1,000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1,000  1.000-1.000-1.000 
1.000  1.000  1.000  1,000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000  1,000  1.000  I. 000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  I. 000 
1.000  1.000  1,000  1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000 


1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 
1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000 

1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000 

1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000 

1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1,000  1.000 

1.000  1.000  1.000  1.000  1.000  1,000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1. 000-1. 000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1. 000-1. 000 

1.000  1.000  1.000  1.000  1.000  1.000-1,000  1.000-1.000  1.000 


1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000 


1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
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C-44 


♦  Factor  Fractional  2*»k  Design  •  $0?) 
1.000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000 

1.000  .000  .000  .000  .000 

1.000  .000  .000  .000  .000 

1.000  .000  .000  .000  .000 


1.000  .000  .000  .000  .000 


5  Factor  Fractional  2**k  Oasign  OC'<  XT]') 
1.000-1.000-1. 000-1 . 000-1 . 000-1 . 000 
1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000 
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1.000  .000  .000  .000  .000  .000 


6  Fictor  Fractional  2**k  Btfifn  (/&  27$) 
1 . 000-1 . 000-1 , 000-1 . 000-1. 000-1 . 000-1. 000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000  .000  .000  .000  .000  .000  .000 

1.000  .000  .000  .000  .000  .000  .000 

1.000  .000  .000  .000  .000  .000  .000 

1.000  .000  .000  .000  .000  .000  .000 


7  Factor  Fractional  2»»k  Dtiign  Cik  '<  ASo) 

1 . 000-1 . 000-1 . 000-1. 000-1 . 000-1 . 000-1 . 000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 
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C-50 


8  Factor  Fractional  2»»k  Design  CO-3-  '•  41  ) 

1.000-1. 000- 1 . 000-1 . 000- i . 000- 1 . 000-1 . 000-1 . 000-1 . 000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000 


1.000- 

1.000- 

1.000 

1.000 

1.000- 

1.000 

1.000  1.000- 

1.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

C-51 


9  Factor  Fractional  2#*k  Design  (2Z‘>  HX ) 

1 . 000-1 . 000-1 . 000-1 . 000-1 . 000- 1.000-1.000-1. 000-1 . 000-1 . 000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 

1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1,000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000 

1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000 

1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000  l. 000-1. 000-1. 000 
1.000  1.000-1.000  1.000-1.000-1.000  1,000  1.000  1.000  1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000 


1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000  .000  .000  '.000  .000  .000  ,000  .000  .000  .000 

1.000  .000  .000  .000  .000  .000  ,000  .000  .000  .000 

1.000  .000  .000  .000  .000  .000  .000  .000  .000  .000 

1.000  .000  .000  .000  .000  .000  .000  .000  .000  .000 


2  Factor  Full  3**k  Dnign 
1.000-1.000-1.000  1.000  1.000  1.000 


ta 


1.000-1.000  .000  1.000  .000  .000 
1.000-1.000  1.000  1.000  1.000-1.000 


1.000 

.000-1.000 

.000 

1.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

1.000 

.000 

1.000 

.000 

1.000 

1.000-1.000 

1.000  1.000- 

1.000 

1.000 

1.000 

.000 

1.000 

.000 

.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

3  Factor  Full  3**k  Design 

1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 


1.000-1.000-1.000  .000  1.000  2.000  .000  1.000  .000  .000 

1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 


1.000- 

1.000  .000-1.000 

1.000 

.000  1.000 

.000 

1.000 

.000 

1.000- 

1.000  .000  .000 

1.000 

.000  .000 

.000 

.000 

.000 

1.000- 

1.000  .000  1.000 

1.000 

.000  1.000 

.000- 

1.000 

.000 

1.000-1.000  1.000-1.000 

1.000 

1.000  1.000- 

1.000  1.000-1.000 

1.000-1.000  1.000  .000  1.000 

1.000  .000-1.000 

.000 

.000 

1.000-1.000  1.000  1.000  1.000 

1.000  1.000-1.000-1.000  1.000 

1.000 

.000-1.000-1.000 

.000 

1.000  1.000 

.000 

.000  1.000 

1.000 

.000-1.000  .000 

.000 

1.000  .000 

.000 

.000 

.000 

1.000 

.000-1.000  1.000 

.000 

1.000  1.040 

.000 

.000- 
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.000 
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.000 

.000 

.000 

1.000 

.000  .000  .000 

.000 

.000  .000 

.000 

.000 

.000 

1.000 

.000  .000  1.000 

.000 

.000  1.000 

.000 

.000 

.000 

1.000 

.000  1.000-1.000 

.000 

1.000  1.000 

.000 

.000- 

1.000 

1.000 

.000  1.000  .000 

.000  1.000  .000 

.000 

.000 

.000 

1.000 

.000  1.000  1.000 

.000 

1.000  1.000 

.000 

.000 

1.000 

1.000 

1.000-1.000-1.000 

1.000 

1.000  1.000-1.000- 

■1.000 

1.000 

1.000 

1.000-1.000  .000 

1.000 

1.000  .000- 

1.000 

.000 

.000 

1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 


1.000  1.000 

.000-1.000  1.000 

.000 

1.000 

.000-1.000 

.000 

1.000  1.000 

.000  .000  1.000 

.000 

.000 

.000  .000 

.000 

1.000  1.000 

.000  1.000  1.000 

.000 

1.000 

.000  1.000 

.000 

1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000 

C-53 


4  Factor  Full  3«*k  Oisign 


1.000-1.  MO-1. 000-1. 000-1. 000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000 

1.000-1.000-1.000-1.000  .000  1.000  1.000  1.000  .000  1.000  1.000 
.000  1.000  .000  .000 


1.000-1.000-1.000-1.000  1.000  1.000  1,000  1.000  1.000  1.000  1.000 
-1.000  1.000-1.000-1.000 


1.000-1.000-1.000 

.000-1.000  1.000  1.000 

.000  1.000  1.000 

.000 

1.000 

.000  1.000 

.000 

1.000- 

1.000-1.000 

.000  .000  1.000  1.000 

.000  .000  1.000 

.000 

.000 

.000  .000 

.000 

1.000- 

1.000-1.000 

.000  1.000  1.000  1.000 

.000  1,000  1.000 

.000 

■1.000 

.000-1.000 

.000 

1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000 

1.000-1.000  1.000-1.000 

1.000-1.000-1.000  1.000  .000  1.000  1.000  1.000  .000  1.000-1.000 

.000-1.000  .000  .000 

1.000-1.000-1.000  1.000  1.000  1.000  1,000  1.000  1.000  1.000-1.000 

-1.000-1.000-1.000  1.000 


1.000- 

1.000 

.000- 

1.000-1.000  1.000 

.000  1.000  1.000 

.000 
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.000  1.000 

.000 

1.000 

.000 
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.000  1.000  1.000 
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1.000 
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.000 

.000  1.000 

.000 

.000 

.000 

.000 
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.000 

1.000-1.000 

.000 

.000  1.000  1.000 

.000 

.000 

1.000 

.000 

.000 

-1.000 

.000 

.000 

.000 

1.000- 

1.000 

.000  1.000- 

1.000  1.000 

.000 

1.000  1.000 

.000-1.000 

1.000 

.000 

.000-1.000 

1.000-1.000 

.000  1.000 

.000  1.000 

.000  1.000 

.000 

.000- 

1.000 

.000 

.000 

.000 

.000 

1.000-1.000  .000  1.000  1.000  1.000  .000  1.000  1.000  .000-1.000 
1.000  .000  .000  1.000 

1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000 

1.000-1.000  1.000-1.000  .000  1.000  1.000  1.000  .000-1.000  1.000 
.000-1.000  .000  .000 

1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000  I. 000 
1.000-1.000  1.000-1.000 

1.000-1.000  1.000  .000-1.000  1.000  1.000  .000  1.000-1.000  .000 
1.000  .000-1.000  .000 

1.000-1.000  1.000  .000  .000  1.000  1.000  .000  .000-1.000  .000 

.000  .000  .000  .000 

1.000-1.000  1.000  .000  1.000  1.000  1.000  .000  1.000-1.000  .000 

■1.000  .  000  1.000  .  000 

1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000 

1.000-1.000  1.000  1.000  .000  1.000  1.000  1.000  .000-1.000-1.000 
.000  1.000  .000  .000 

1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
•1.000  1.000  1.000  1.000 
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•"«  **.  **",  •*«  •' ,  »*_  **.  >.*-  l",  «*_  „  •*,  •*,  •*,  •*,  •* ,  •*, 

1.000  .000  1.000  1.000  .000  .000  1.000  1.000  .000  .000  .000 

.000  1.000  .000  .000 

1.000  .000  1.000  1.000  1.000  .000  1.000  1.000  1.000  .000  .000 

.000  1.000  1.000  1.000 

1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000  1.000  1.000 

1.000  1.000-1.000-1.000  .000  1.000  1.000  1.000  .000-1.000-1.000 

.000  1.000  .000  .000 

1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 

1.000  1.000-1.000-1.000 

1.000  1.000-1.000  .000-1.000  1.000  1.000  .000  1.000-1.000  .000 

1.000  .000  1.000  .000 

1.000  1.000-1.000  .000  .000  1.000  1.000  .000  .000-1.000  .000 

.000  .000  .000  .000 

1.000  1.000-1.000  .000  1.000  1.000  1.000  .000  1.000-1.000  .000 

1.000  .000-1.000  .000 

1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000 

1.000-1.000  1.000-1.000 

1.000  1.000-1.000  1.000  .000  1.000  1.000  1.000  .000-1.000  1.000 

.000-1.000  .000  .000 


1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000 


1.000 

1.000 

.000- 

1.000-1.000 

1.000 

.000 

1.000  1.000 

.000- 

1.000 

1.000 

.000 

.000  1.000 

1.000  1.000 

.000- 

1.000  .000 

1.000 

.000 
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,000- 

1.000 
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.000- 

1.000  1.000 

1.000 

.000 

1.000  1.000 

.000- 
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.000-1.000 

1.000 

1.000 

.000 

.000-1.000 

1.000 

.000 

.000  1.000 

.000 

.000 

1.000 
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.000 

.000 

1.000  1.000 

.000 

.000  .000 
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.000 

.000  .000 

.000 

.000 
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.000 

.000 

*.000 

1.000 

1.0001 

.000 

<000  1.000  1.000 

.000 

.000  1.000 

.000 

.000 

1.000 

.000 

.000 

.000 

1.000  1.000 

.000  1.000-1.000 

1.000 

.000  1.000  1.000 

.000  1.000 

-1.000 

.000 

.000-1.000 

1.000  1.000  .000  1.000  .000  1.000  .000  1.000  .000  .000  1.000 

.000  .000  .000  .000 

1.000  1.000  .000  1.000  1.000  1.000  .000  1.000  1.000  .000  1.000 

1.000  .000  .000  1.000 

1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000 

1. 000-1. 000-1. 000  1.000 

1.000  1.000  1.000-1.000  .000  1.000  1.000  1.000  .000  1.000-1.000 

.000-1.000  .000  .000 

1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 

1.000-1.000  1.000-1.000 


1.000  1.000 

1.000 

.000-1.000  1.000  1.000 

.000  1.000  1.000 

.000 

1.000 

.000- 
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1.000 

.000  .000  1.000  1.000 

.000  .000  1.000 

.000 

.000 

.000 

.000 

.000 

1.000  1.000 

1.000 

.000  1.000  1.000  1.000 

.000  1.000  1.000 

.000 

1.000 

.000 

1.000 

.000 

1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 

■1.000  1.000-1.000-1.000 

1.000  1.000  1.000  1.000  '.000  1.000  1.000  1.000  .000  1.000  1.000 

.000  1.000  .000  .000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000 
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1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000-1.000-1.000-1.000  .000  1.000  1.000  1.000  1.000  .000 

1.000  1.000  1.000  .000  1.000  1.000  .000  1.000  .000  .000 

1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000 

1.000-1.000-1.000-1.000  .000-1.000  1.000  1.000  1.000  .000  1.000 

1.000  1.000  .000  1.000  1.000  .000  1.000  .000  1.000  .000 

1.000-1.000-1.000-1.000  .000  .000  1.000  1.000  1.000  .000  .000 

1.000  1.000  .000  .000  1.000  .000  .000  .000  .000  .000 

1.000-1.000-1.000-1.000  .000  1.000  1.000  1.000  1.000  .000  1.000 
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S  Factor  Contral  Coapoiiti  Diiign  (22iS) 

1.000-1. 000-1. 000-1. 000-1. 000-1. 000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 

-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 

1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 

-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 

1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000 

1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 

1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 
-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 

1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000 

1.000  1.000  1.000-1.000  1.000  1.000  1,000  1.000  1.000  1.000  1.000 

1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000 

1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000  1. 000-1. 000-1. 000 

1.000-1.000  1.000-1.000-1.000  1.000  1,000  1.000  1.000  1.000  1.000 

-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 

1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1,000 

1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000 

1.000-2.000  .000  .000  .000  .000  4.000  .000  .000  .000  .000 

.000  ,000  .000  .000  .000  .000  .000  .000  .000  .000 
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6  Factor  Central  Coapoiiti  Design  (22i6) 

1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000 

-1.000-1.000  1.000  1.000-1.000-1.000 

1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000 

1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 

-1.000-1.000-1.000  1.000  1.000  1.000 

1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000 

-1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000 

1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000 
-1.000  1.000-1.000-1.000  1.000-1.000 

1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000 

1 . 000-1 . 000-1 . 000-1 . 000-1 . 000  1 . 000 

1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1,000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000  1,000  1.000  1.000 
-1.000-1.000-1.000  1.000  1.000  1.000 

1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000  1,000  1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000 

1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000 
-1.000-1.000  1.000  1.000-1.000-1.000 

1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1,000-1.000-1.000 


1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000 

1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.900-1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000 

1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000-1.000-1.000  1.000 

1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000 
■1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000 

1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 
-1.000  1.000-1.000-1.000  1.000-1.000 

1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 

1.000-1. 000-1 . 000- 1 . 000- 1 . 000  1 . 000 

1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000 

-1.000-1.000  1.000  1.000-1.000-1.000 

1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000  1.000  1.009-1.000-1.000-1,000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000 

1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 
■1.000-1.000-1.000  1.000  1.000  1.000 

1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1 . 000-1 . 000- 1 . 000- 1 . 000- 1 . 000  1 . 000 

1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000 


1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000 

1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000 

1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000 
-1.000  1.000  1.000-1.000-1.000  1.000 

1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000 

1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
-1.000-1.000-1.000  1.000  1.000  1.000 

1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000 

1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000 

-1.000-1.000  1.000  1.000-1.000-1.000 


1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000 
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7  Factor  Central  Coapoiiti  Otfign  (22i7) 


1.000-1.000-1.000-1.000-1.000-1. 000-1. 000-1. 000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000 

1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000 
-1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1.000-1.000 

1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000  1.000 

1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 
-1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000 

1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1.000-1.000 

1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000  1,000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000-1. 000-1.000-1. 000-1.000 
-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000 

1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000 

1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000 
-1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000 
-1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000 
-1.000  1.000-1.000 

1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1,000-1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000  I. 000-1. 000-1. 000 
-1.000-1.000  1.000 


1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000*1.000-1.000  1.000-1.000 
1.000  1.000-1.000 

1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000 

1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000-1.000  1.000 

1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000 

1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000 

1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000 

1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000 
■1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000 
•1.000-1.000  1.000 

1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000 

1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 
■1.000  1.000-1.000 

1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1.000  1.000  1.000  1,000  1.000  1.000-1.000 

-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000 

1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000 

1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000 

1.000-1.000-1.000 

1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  2.000  1.000  1.000-1.000  1.000  1.000  1.000  2.000 

■1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000  1.000 

1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000 

1. 000-1. 000-1. 000  1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000 

1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 

■1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000 


1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1. 000-1. 000-1. 000-1. 000-1. 000-1. 000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000 

1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000 
>1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000 

1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000  1.000 

1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000 
-1.000  1.000-1.000 

1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000 

-1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
-1.000-1.000  1.000 

1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000 

1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 
-1.000  1.000-1.000 

1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000 

-1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000 
-1.000-1.000  1.000 

1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
-1.000-1.000  1.000 

1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000 

-1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000 

-1.000  1.000-1.000 

1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000 

-1.000-1.000  1.000 

1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000 


1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000 

■1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 

■1.000  1.000-1.000 

1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000 
-1.000-1.000  1.000 

1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000 

■1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 

-1.000  1.000-1.000 

1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000 

1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000 
-1.000-1.000  1.000 

1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000 

-1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000 
-1.000  1.000-1.000 

1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000 

1.000-1.000  1.000*1. 000-1. 000  1.000-1.000  1.000-1.000  1.000-1.000 
-1.000  1.000-1.000 


1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000 
-1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000-1,000  1.000  1.000 
-1.000-1.000  1.000 

1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000 
-1.000  1.000-1.000 

1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 
-1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000 
-1.000-1.000  1.000 

1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  l. 000-1. 000-1. 000  1.000-1.000-1.000  1.000  1.000 
-1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000-1.000 

1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1. 000- 1 . 000-1 . 000  1 . 000- 1.000-1. 000-1 . 000-1.000-1. 000- 1 . 000 
1.000  1.000  1.000 


C-M 


1.000-1.000*1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000 

1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000-1,000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000 

1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000 
■1.000  1.000  1.000  1,000  1.000-1.000-1.000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000 

1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000-1.000 

1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
-1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 

1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000 

1.000-1.000-1.000 

1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000  1,000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000 
-1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000 
-l. 000-1. 000  1.000 

1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 
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1.000  1.000  1.000 
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1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000-1,000  1.000  1.000 
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1. 000-1. 000-1. 000 
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1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 
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1.000  1.000  1.000 
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1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000 

1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000 
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1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000 
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8  Factor  Cantral  Coapoiita  Diiign  (22i20> 


1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000 

1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000 

1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 
-1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000- 1.000  1.000-1.000-1.000  1.000-1.000-2.000  1.000 
-1.000 


1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 

-1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 

-1.000 

1.000-1.000  1.000-1.000  1.000  1.000  1.000-1,000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 

-1.000 


1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000 

1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000 

1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 

-1.000 


1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000 
-1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000 

1.000  1.000  1.000-1.000-1,000-1.000-1.000-1.000-1.000  1,000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1,000-1.000 
-1.000-1.000-1.000-1.000-1.000-1.000-1,000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  l.O'O  1.000  1.000  1.000  1.000 
1.000 

1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1,000  1.000-1.000  1.000  1.000 


1.000  1.040-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000 
-1.000 


1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000 
•1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000 
-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.040-1.000  1.000 
-1.000 


1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000 
-1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000 

1.000  1.000  1.000-1.040-1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000 

1.000-1.000-1.000-1.000-1.040  1.000  1.000  1.000  1.000  1.000  uooo 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
-1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000 
-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000 

1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
-1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.040  1.000-1.000 
-1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000 

1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000 
-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000 
-1.000 


1.000  1.000-1.000-1.000  1.000-1.000-1.400  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.040-1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000 
-1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000  1,000-1.000  1.000 
-1.000 


1.000  1.000-1,000  1.000  1.000  1.000  1.000  1,000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000-1.000  1,000  1.000  1.000  1.000 

1.000  1.000-1.000-1.000-1.000-1,000-1.000-1.000  1,000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1,000  1,000  1.000  1.000 

1.000 


1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000-1,000  1.000  1.000 


1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1. 000-1. 000-1. 000-1. 000-1. 000  1.000 
1.000  1.000  1.000-1. 000-1. 000-1. 000-1. 000-1. 000-1. 000  1.000  1.000 
1.000 

1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1,000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000 

1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000 

■1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 
■1.000 

1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1,000-1.000-1.000-1.000 
1 . 000-1 . 000  1 . 000-1 . 000-1 . 000-1 . 000  1 . 000-1 . 000-1 . 000-1 . 000-1 . 000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 
-1.000 

1.000-1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 

1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
•1.000 

1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000 

-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000  1,000  1.000 
1.000 

1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000 
■1.000-1.000  1.000  1.000  1.000  1.000  1.000  1,000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000 

1.000  1.000  1.000  1,000-1.000  1.000  1.000-1.000  1.000  1.000  1.000 

1,000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 

■1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000 
■1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000 
-1.000 

1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1,000  1.000-1.000  1.000 

■1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000 

•1.000  1,000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000 


1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.009 
1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000 

1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000 
1 . 000-1 . 000-1 . 000-1 . 000-1 . 000-1 . 000  1.000  1.000  1.000  1.000  1.000 
1.000 

1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000 

1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000 

1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000 

1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000 
■1.000 

1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000  1,000  1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000 

1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1,000  1.000-1.000 
-1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000 
■1.000 

1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000 


1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000 

1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000 

1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000 

1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000 
■1.000 

1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000 
■1.000 

1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
■1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000 

1.000 

1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 

•1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000 
1.000 

1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000 
■1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000 
■1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000 
•1.000 

1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000 
•1.000  1.000-1.000  1.000  1.000  1.000  1.000-1. 000-1. 000-1. 000-1. 000 

•1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000 


1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000 
-1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000 
-1.000 

1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000 
-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000 
-1.000 

1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 
-1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000 
-1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000 
1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
-1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 
-1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000 
1.000 

1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 
-1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000 
-1.000 

1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000 
-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000 
-1.000 

1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000 

1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000-1. 000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000 

1.000  1.000-1. 000-1. 000-1. 000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  2.000  1.000  1.000  2.000  1.000-1. 00 „-l. 000-1. 000  1.000  1.000 
-1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000 
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1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000 


1.000-1.000  l.OOO'l. 000-1. 000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000 
-1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000 

1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 

1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 

1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000 
-1.000 


1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 

1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000 

1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000 

-1.000 


1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1. 000-1. 000-1. 000-1. 000-1. 000-1. 000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 
-1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000 
1.000 

1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000 
-1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1,000 
1.000 

1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  I. 000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 

-1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000 

-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000 

-1.000 


1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 

-1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000 
-1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000 

-1.000 


1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000 

1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000 

-1.000  1.000  1.000  1,000  1.000-1.000  1.000  1.000-1.000  1.000-1.000 

-1.000 


1.000-1.000-1.000  1.000  1.000  1.000-1,000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000 
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9  Fietor  C antral  Coapoiita  Dtiign  (22i22> 

1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.600-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 

-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000 
-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 

l.OOOal.OOO  1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1. 000-1. 000-1.000 
-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
-1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000 

-1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.600  1.000-1.000 
1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000 
-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000 

1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000 

1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
-1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 

1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 
-1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000 
-1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 
-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  I. 000 

1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 

1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1. 000-1. 000  1.000-1.000 


. . 


-1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000 
-1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000 
-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000 

1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 

1.000-1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000 
-1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000 


1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 

1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
-1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000 
-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
-1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000 
-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 

1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 

1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 
-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  I. 000  1.000 

1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1,000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 


1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1,000-1.000-1.000  1.000 

-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000 
-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000 

1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000-1.000-1.000-1.000  1.000  1.000  1,000  1.000-1.000-1.000 

-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1,000  1.000-1.000-1.000 

-1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000 


C-IU 


1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000-1,000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 

1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1. 000-1. 000-1. 000 

1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 

1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 

1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 
■1 . 000-1 . 000-1 . 000-1 . 000-1 . 000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 

1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1,000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000 
■1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1,000-1.000  1.000  1.000 
■1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 

1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 
-1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000-1.000-1,000  1.000  1.000  1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000  1,000  1.000  1.000  1.000 

1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000  I. 000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000 
■1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000 

1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
■1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000 
1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 

1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1 . 000-1 . 000-1 . 000-1 . 000  1.000  1.000-1.000 
-1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 


1. 000-1. 000-1. 000  1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000 
-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 

1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
-1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000 
-1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000 
-1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 

1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000 
-1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 

1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 

1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000 
•1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 

1.000-1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 

1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

-1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 


•1.000  1.000  1.000  I.OOO’l.OOO  1.000  1.000-1.000  1.000-1.000-1.000 

1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
-1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 
-1.000  1.000-1.000-1.000  I. 000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 

1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 

1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000 
-1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 

1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 
-1.000-1. 000-1. 000’ 1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000 
-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000 
-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 

1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1. 000-1. 000-1. 000-1.000  1.000  1.000 
-1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 

1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
-1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000-1,000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
-1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000 
-1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 

1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000 
-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000 
-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000 

1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 

1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000 
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1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000 

1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000-1.000-1.000  1.000-1.000  1.000  1,000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000-1. 000-1. 000*1. 000  1.000-1.000  1.000  1.000  1.000 
• 1 . 000- 1 . 000- 1 . 000- 1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 

1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000 
■1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 

-1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1. 000-1. 000 
•1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000 

1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 
■1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000 
-1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 

1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 

1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
■1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 

1.000-1.000  1.000  1.000  1.000  1.000  1.000-1,000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1,000-1.000-1.000 

-1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1,000-1.000  1.000  1.000  1.000-1.000-1,000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1,000-1.000-1.000 

1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 

-1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1 . 000  1 . 000-1 . 000-1 . 000- 1.000-1. 000-1 . 000-1 . 000-1 . 000-1 . 000-1 . 000 
-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1,000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1,000-1.000  1.000-1.000 


1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 
-1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000 
-1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 


1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000 
■1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000 

1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 
-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000 

1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 

-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000 
-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000 

1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 

1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 

1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 

1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 
-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

-1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000 
-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1. 000-1. 000-1. 000 

1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 

-1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000 
-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 

1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 


1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000 


1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000-1.000  (.000-1.000-1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1. 000-1. 000-  '.,M  1.000-1.000  1.000  1.000  1.000-1.000  1.000 
-1.000  1. 000-1. OOv  1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000 

1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 

1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 
■1.000  1.000-1. 000-1. 000-1. 000-1. 000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 
-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000 

1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
-1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 

1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000 

1.000-1.0'  ..000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000 
1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000 
-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000 

1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
■1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000  I. 000-1. 000 
■1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000 
-1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000 

1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 
■1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000  i.OOO  1.000 
-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 


1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1,000-1.000  1.000 
1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 

1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 
1 . 000-1 . 000-1 . 000-1 . 000-1 . 000  1 . 000-1 . 000  1.000-1. 000- 1 . 000-1 . 000 
1.000-1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000-1. 000-1. 000-1. 000-1. 000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000 

1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1. 000-1. 000-t. 000 

1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1,000-1.000 
1.000  1.000  1.000-1,000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 

1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000 
1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 


1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 

1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000 

1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 
1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
■1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000 
1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000 
■1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 

1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 

1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 
■1. 000-1. 000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000 
■1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 

1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 
•1 . 000-1 . 000-1.000-1. 000-1 . 000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 

1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 

■1.000  1,000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 

1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 

1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 

■1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1,000  1.000  1.000 
•1.000-1.000  1.000  1.000-1. 000-1. 000-1. 000  1.000  1.000-1.000-1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000  1,000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1,000  1.000  1.000  1.000 

1.000  1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000 
■1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 
■1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000-1.000  1.000-1.000-1.000-1,000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 

•1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000 
-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000 


1.000  1.900  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 

1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000 
1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 

1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 

1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 
■1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 

1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
-1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 
■1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000 

1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000-1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000 
1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1 . 000-1 . 000-1 . 000-1 . 000-1 . 000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000-1.000  I. 000-1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 

1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000 

1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 

1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 
■1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000 
•1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1,000  1.000-1.000-1.000  1.000 

1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000 
1.000  1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 

1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 
■1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000 


1.000-1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 


1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

-1.000  1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000 
-1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000 
-1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 

1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 

1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000 

1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000 
-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 

1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 

1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000  1.000 

1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 

1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000 
-1.000  1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000 
-1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000 
1.000-1.000  1.000-1.000  1.000-1.000  1.000-1. 000-1. 000  1.000-1.000 

1.000  1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 

-1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000-1.000 

-1.000-1.000-1.000  I. 000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000  1 . 000- 1 . 000-1 . 000- 1 . 000-1 . 000- 1 . 000-1 . 000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000-1.000-1.000-1.000-1,000-1.000-1.000-1.000 
1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000 

•1.000  1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000-1.000 

1.000  1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000 

-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000 
1.000-1.000  1.000  1.000-1.000  1.000-1,000-1.000-1.000  1.000-1.000 

1.000  1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000 

1.000-1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1. 000-1. 000-1. 000 
1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000-1.000 
-1.000  1.000-1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000 
1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000  1,000 

1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000-1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000-1.000 
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1.000-1.000-1.900-1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000 
-1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000 
-1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 

1.000-1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
-1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000 
1 . 000  1 . 000-1 . 000-1 . 000-1 . 000-1 . 000-1 . 000-1 . 000- 1 . 000-1 . 000-1.000 
-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
-1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 

1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000 
-1.000-1.000-1.000  1.009-1.000-1.000-1.000  1.000-1.000  1.000  1.000 
1.000-1.000  1.000  1.000  1.000-1.000-1.090-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000  1.000 
-1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000-1.000  1.000 
-1.000-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1,000  1.000-1.000 

1.000-1.000-1.000-1.000  1.000  1.000  1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 
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1.000  1.000 

.000-1.000-1.000  1.000 

.000  1.000  1,000 

.000-1.000 

-1.000  .000 

.000  1.000 

1.000  1.000 

.000-1.000  .000  1.000 

.000  1.000  .000 

.000-1.000 

.000  .000 

.000  .000 

1.000  1.000 

.000-1.000  1.000  1.000 

.000  1.000  1,000 

.000-1.000 

1.000  .000 

.000-1.000 

”  _■ 

1.000  1.000 

.000  .000-1.000  1.000 

.000  .000  1.000 

.000  .000 

-1.000  .000 

.000  .000 

1.000  1.000 

.000  .000  .000  1.000 

.000  .000  ,000 

.000  .000 

.000  .000 

.000  .000 

1.000  1.000 

.000  .000  1.000  1.000 

.000  .000  1.000 

.000  .000 

1.000  .000 

.000  .000 

1.000  1.000 

.000  1.000-1.000  1.000 

.000  1,000  1.000 

.000  1.000 

-1.000  .000 

.000-1.000 

r- 

1.000  1.000  .000  1.000  .000  1.000  .000  1.000  .000  .000  1.000 

.000  .000  .000  .000 

1.000  1.000  .000  1.000  1.000  1.000  .000  1.000  1.000  .000  1.000 

1.000  .000  .000  1.000 

1.000  1.000  1.000-1. 000-1. 000  1.000  1.000  1.000  1.000  1.000-1.000 

'1.000-1.000-1.000  1.000 

1.000  1.000  1.000-1.000  .000  1.000  1.000  1.000  .000  1.000-1.000 

.000-1.000  .000  .000 

1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000 

1.000-1.000  1.000-1.000 

1.000  1.000  1.000  .000-1.000  1.000  1.000  .000  1.000  1.000  .000 

■1.000  .  000-1.000  .  000 

1.000  1.000  1.000  .000  .000  1.000  1.000  .000  .000  1.000  .000 

.000  .000  .000  .000 

1.000  1.000  1.000  .000  1.000  1.000  1.000  .000  1.000  1.000  .000 

1.000  .000  1.000  .000 

1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 

•1.000  1.000-1.000-1.000 

1.000  1.000  1.000  1.000  .000  1.000  1.000  1.000  .000  1.000  1.000 

.000  1.000  .000  .000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000 


1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

C-141 


5  Factor  Fractional  3»*k  Dtsign  (17ill) 


1.000-1. 000-1. 000-1.000-1. 000-1. 000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000-1.000-1.000  .000  1.000  1.000  1.000  1.000  .000  1.000 

1.000  1.000  .000-1.000  1.000  .000-1.000  ,000-1.000  .000 

1.000-1.000-1.000-1.000  1.000  .000  1.000  1.000  1.000  1.000  .000 

1.000  1.000-1.000  .000  1.000-1.000  .000-1.000  .000  .000 

1.000-1.000-1.000  .000-1.000  1.000  1.000  1.000  .000  1.000  1.000 

1.000  .000  1.000-1.000  .000  1.000-1.000  .000  .000-1.000 

1.000-1.000-1.000  .000  .000  .000  1.000  1.000  .000  .000  .000 

1.000  .000  .000  .000  .000  .000  .000  .000  .000  .000 

1.000-1.000-1.000  .000  1.000  .000  1.000  1.000  .000  1.000  .000 

1.000  .000-1.000  .000  .000-1.000  .000  .000  .000  .000 

1.000-1.000-1.000  1.000-1.000  .000  1.000  1.000  1.000  1.000  .000 

1.000-1.000  1.000  .000-1.000  1.000  .000-1.000  .000  .000 

1.000-1.000-1.000  1.000  .000-1.000  1.000  1.000  1.000  .000  1.000 

1.000-1.000  .000  1.000-1.000  .000  1.000  .000-1.000  .000 

1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000-1.000-1.000-1.000-1.000-1.000  1.000  1.000  1.000 


1.000-1.000 

.000- 

1.000- 

1.000  1.000 

1.000 

.000 

1.000  1.000  1, 

.000  1.000 

1.000-1.000 

.000 

.000 

.000 

1.000- 

1.000- 

1.000 

1.000-1.000 

.000- 

1.000 

.000 

.000 

1.000 

.000  1.000 

.000  , 

.000  I. 000 

.000 

.000 

.000 

.000 

.000 

.000 

,000 

.000 

1.000-1.000 

.000- 

1.000  1.000- 

1.000 

1.000 

.000 

1.000  1.000  1 1 

.000  1.000-1.000  1.000 

.000 

.000 

.000- 

1.000  1.000-1.000 

1.000-1.000 

.000 

.000- 

1.000 

.000 

1.000 

.000 

.000  1.000 

.000  .000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000-1.000 

.000 

.000 

.000- 

1.000  1.000 

.000 

.000 

.000  1 

.000  .000 

.000  1.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000-1.000  .000  .000  1.000  1.000  1.000  ,000  .000  1.000  1.000 

.000  .000-1.000-1.000  .000  .000  .000  .000  .000  1.000 

1.000-1.000  .000  1.000-1.000-1.000  1.000  .000  1.000  1.000  1.000 

.000-1.000  1.000  1.000  .000  .000  .000-1.000-1.000  1.000 


1.000-1.000  .000  1.000  .000  1.000  1.000  .000  1.000  .000  1.000 

.000-1.000  .000-1.000  .000  .000  .000  .000  1.000  .000 


1.000-1.000  .000  1.000  1.000  .000  1.000  .000  1.000  1.000  .000 

.000-1.000-1.000  .000  .000  .000  .000  1.000  .000  .000 

1.000-1.000  1.000-1.000-1.000  .000  1.000  1.000  1.000  1.000  .000 

1.000  1.000  1.000  .000-1.000-1.000  .000  1.000  .000  .000 

1.000-1.000  1.000-1.000  .000-1.000  1.000  1.000  1.000  .000  1.000 

1.000  1.000  .000  1.000-1.000  .000-1.000  .000  1.000  .000 

1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000  1.000 

1.000-1.000  1.000  .000-1.000-1.000  1.000  1.000  .000  1.000  1.000 

1.000  .000  1.000  1.000  .000-1.000-1.000  .000  .000  1.000 

1.000-1.000  1.000  .000  .000  1.000  1.000  1.000  .000  .000  1.000 

1.000  .000  .000-1.000  .000  .000  1.000  .000  .000  .000 

1.000-1.000  1.000  .000  1.000  .000  1.000  1.000  .000  1.000  .000 

1.000  .000-1.000  .000  .000  1.000  .000  .000  .000  .000 

1.000-1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 

-1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000 

1.000-1.000  1.000  1.000  .000  .000  1.000  1.000  1.000  .000  .000 

-1.000-1.000  .000  .000  1.000  .000  .000  .000  .000  .000 

1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 

-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 


1.000 

.000- 

1.000- 

1.000- 

1.000 

1.000 

.000  1.000 

1.000 

1.000  1.000 

.000 

.000 

.000 

.000  1.000 

1.000-1.000  1.000-1.000-1.000 

1.000 

.000-1.000- 

1.000 

.000 

.000 

.000  1.000  1.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000  .000 

.000 

.000 

1.000 

.000- 

1.000- 

1.000  1.000 

.000 

.000  1.000 

1.000 

1.000 

.000 

.000 

.000 

.000 

.000 

1.000- 

1.000 

.000-1.000 

.000 

.000 

1.000 

.000- 

1.000 

.000-1.000 

.000 

.000  1.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000  .000 

.000 

.000 

1.000 

.000-1.000 

.000 

.000- 

1.000 

.000  1.000 

.000 

.000  1.000 

.000 

.000 

.000 

.000 

.000 

.000  1.000  .000 

.000 

.000 

1.000 

.000- 

1.000 

.000  1.000 

1.000 

.000  1.000 

.000  1.000  1.000 

.000 

.000 

.000 

.000 

.000- 

1.000-1.000  .000 

.000  1.000 

1.000  .000-1.000  1.000-1.000-1.000  .000  1,000  1.000  1.000  1.000 

.000  .000  .000  .000-1.000  1.000  1.000-1,000-1.000  1.000 

1.000  ,000-1.000  1.000  .000  1.000  .000  1.000  1.000  .000  1.000 


1.000  .000  1.000  1.000  .000-1.000  .000  1.000  1.000  .000  1.000 
.000  .000  .000  .000  1.000  .000-1.000  .000-1.000  .000 


1.000  .000  1.000  1.000  1.000  1.000  .000  1,000  1.000  1.000  1.000 

‘.000  .000  .000  .000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  1.000-1.000-1.000-1.000  .000  1.000  1.000  1.000  1.000  .000 

1.000-1.000-1.000  .000  1.000  1.000  .000  1.000  .000  .000 

1.000  1.000-1.000-1.000  .000-1.000  1.000  1.000  1.000  .000  1.000 

1.000-1.000  .000-1.000  1.000  .000  1.000  .000  1.000  .000 

1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000-1.000  1.000 


1.000  1.000- 

1.000 

.000- 

1.000-1.000 

1.000  1.000 

.000  1.000 

1.000 

1.000  .000- 

1.000-1.000 

.000  1.000 

1.000 

.000 

.000  1.000 

1.000  1.000-1.000 

.000 

.000 

1.000  1.000  1.000 

.000 

.000 

1.000 

1.000  .000 

.000 

1.000 

.000 

.000- 

1.000 

.000 

.000 

.000 

1.000  1.000- 

1.000 

.000 

1.000 

.000 

1.000 

1.000 

.000  1.000 

.000 

1.000  .000 

1.000 

.000 

.000- 

1.000 

.000 

.000 

.000 

.000 

1.000  1.000- 

1.000 

1.000-1.000  1.000 

1.000 

1.000  1.000  1.000 

1.000 

1.000  1.000-1.000  1.000- 

1.000 

1.000-1.000-1.000 

1.000-1.000 

1.000  1.000-1.000 

1.000 

.000 

.000  1.000  1.000  1.000 

.000 

.000 

1.000  1.000 

.000 

.000-1.000 

.000 

.000 

.000 

.000 

.000 

1.000  1.000- 

1.000 

1.000  1.000- 

1.000  1.000  1.000 

1.000 

1.000 

1.000 

1.000  1.000  1.000-1.000-1.000-1.000  1.000  1.000-1.000-1.000 

1.000  1.000 

.000- 

1.000- 

1.000- 

1.000 

1.000 

.000 

1.000 

1.000 

1.000 

.000-1.000-1.000- 

1.000 

.000 

.000 

.000 

1.000  1.000 

1.000 

1.000  1.000 

.000- 

1.000 

.000 

1.000 

1.000 

.000 

1.000 

.000 

1.000 

.000-1.000 

.000 

1.000 

.000 

.000 

.000 

.000- 

1.000 

.000 

1.000  1.000 

.000- 

1.000 

1.000 

.000 

1.000 

.000  1.000 

1.000 

.000 

.000-1.000 

1.000 

.000 

.000 

.000 

.000- 

1.000 

.000 

.000 

1.000  1.000 

.000 

.000- 

1.000 

1.000 

1.000 

.000 

.000 

1.000 

1.000 

.000  .000-1.000  1.000 

.000 

.000 

.000 

.000 

.000-1.000 

1.000  1.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000  .000 

.000 

.000 

.000 

.000 

.000 

,000 

.000 

.000 

1.000  1.000 

.000 

.000 

1.000- 

1.000 

1.000 

.000 

.000 

1.000 

1.000 

.000  .000 

1.000- 

1.000 

.000 

.000 

.000 

.000 

.000-1.000 

1.000  1.000 

.000 

1.000- 

1.000 

.000 

1.000 

.000 

1.000 

1.000 

.000 

.000  1.000- 

1.000 

.000 

.000 

.000 

.000- 

1.000 

.000 

.000 

1.000  1.000  .000  1.000  .000-1.000  1.000  .000  1.000  .000  1.000 
.000  1.000  .000-1.000  .000  .000  .000  .000-1.000  .000 


1.000  1.000  .000  1.000  1.000  1.000  1.000  .000  1.000  1.000  1.000 

.000  1.000  1.000  1.000  .000  .000  .000  1.000  1.000  1.000 

1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 

1.000  1.000  1.000-1.000  .000  .000  1.000  1.000  1.000  .000  .000 
1.000-1.000  .000  .000-1.000  .000  .000  .000  .000  .000 

1.000  1.000  1.000-1.000  1.000-1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000-1.000 


1.000  1.000  1.000  .000-1.000  .000  1.000  1.000  .000  1.000  .000 

1.000  .000-1.000  .000  .000-1.000  .000  .000  .000  .000 


1.000  1.000  1.000  .000  .000-1.000  1.000  1.000  .000  .000  1.000 

1.000  .000  .000-1.000  .000  .000-1.000  .000  .000  .000 


1.000  1.000  1.000  .000  1.000  1.000  1.000  1.000  .000  1.000  1.000 

1.000  .000  1.000  1.000  .000  1.000  1.000  .000  .000  1.000 


1.000  1.000  1.000  1.000-1.000-1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000 


1.000 
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6  Factor  Fractional  3*»k  Design  (17il3) 

1.000*1. 000-1. 000-1. 000-1. 000-1. 000-1. 000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000 


1.000 

.000 

.000 

.000 

.000  1.000-1 .000 

.000 

.000 

.000 

.000 

1.000 

1.000 

.000 

.000 

.000  .000  .000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000-1.000 

1.000  1.000  1.000  1.000  1.000  .000-1.000  1.000  1.000  1.000  1.000 

.000  1.000  1.000  1.000  1.000  .000-1.000  1.000  1.000  .000-1.000 

1.000  .000-1.000  .000-1.000  .000 

1.000  .000  .000-1.000  1.000  .000  1.000  .000  .000  1.000  1.000 

.000  1.000  .000  .000  .000  .000  .000  .000  .000  ,000  .000 

-1.000  .000-1.000  .000  1.000  .000 

1.000  1.000  1.000  .000-1.000-1.000  1.000  1.000  1.000  .000  1.000 

1.000  1.000  1.000  .000-1.000-1.000  1.000  .000-1.000-1.000  1.000 

.000  .000  .000  1.000-1.000-1.000 

1.000-1.000-1.000  1.000  .000  1.000  1.000  1.000  1.000  1.000  .000 

1.000  1.000  1.000-1.000  .000-1.000-1.000-1.000  .000-1.000-1.000 

.000  1.000  1.000  .000  .000  1.000 


1.000  1.000  1.000- 

1.000 

.000 

1.000 

.000  1.000  1.000  1.000 

.000 

1.000 

.000 

1.000-1.000 

.000  1.000 

.000- 

1.000 

.000  1.000 

.000 

.000- 

1.000 

.000 

.000 

.000 

.000 

1.000-1.000- 

1.000 

.000  1.000 

.000 

.000  1.000 

1.000 

.000  1.000 

.000 

.000 

1.000 

.000-1.000 

.000 

.000 

.000-1.000 

.000 

.000 
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1.000- 

1.000 

.000  1.000 

1.000 

.000  1.000 

.000 

.000 

1.000  1.000 

.000  1.000 

.000  1.000 

.000 

.000  1.000- 

1.000 

.000 

.000 

1.000 

.000 

.000 

1.000-1.000 

.000 

.000  .000 

.000 

.000 

.000 

.000 

.000 

.000  1.000-1.000 

.000 

.000  .000 

.000 

.000 

.000 

.000 

.000- 

1.000 

.000  .000 

1.000  1.000-1.000  1.000  .000  1.000  1,000  1.000  1.000  1,000  1.000 

1.000  1.000  .000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  .000 

1.000  1.000  1.000  1.000  1.000-1.000  .000-1.000-1.000-1.000-1.000 
-1.000  .000  1.000  1.000  1.000  1.000  1.000  .000  .000  .000  .000 

.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000  .000-1.000-1.000  1.000  .000  1.000  .000-1.000-1.000  .000 

1.000  1.000  1.000  .000  1.000  .000  1.000  1.000  .000  .000  .000 

.000  .000  .000  .000  .000  1.000-1.000  .000-1.000  .000  1.000 

1.000-1.000  .000-1.000  .000  1.000  1.000  .000  1.000  .000-1.000 

-1.000  .000  .000  .000  .000  .000-1.000-1.000  .000  .000  1.000 


1.000-1.000-1.000  .000-1.000-1.000  1.000-1.000  .000  .000  1.000 


1.000  .000  1.000  1.000  1.000  1.000  .000  .000  1.000  .000  1.000 

1.000-1.000  1.000  .000  .000  .000  1.000  1.000-1.000  1.000  .000 

.000  .000  .000  .000  .000  .000  .000  1.000-1.000  1.000  .000 

.000-1.000  1.000  .000  .000-1.000  .000  .000  .000  .000  .000 

1.000-1.000  1.000  .000  .000  1.000-1.000-1.000-1.000  .000  1.000 
1.000  .000  .000  1.000  1.000  1.000  1.000  .000-1.000  .000  .000 

-1.000  1.000  1.000  1.000  .000  .000  .000  1.000-1.000-1.000-1.000 

.000  .000  .000  .000  .000  .000  .000  .000  .000  .000  .000 

.000-1.000-1.000-1.000  .000  1.000  1.000  .000  1.000  .000  .000 

1.000  1.000  1.000  1.000  1.000  .000-1.000  1.000  .000  1.000  1.000 

1.000  1.000  1.000  .000  1.000  1.000  .000  1.000  1.000  1.000  1.000 

.000-1.000  1.000  .000  1.000  1.000  1.000  .000-1.000  1.000  .000 

1.000  1.000  .000-1.000  1.000  .000  1.000  .000-1.000  1.000  .000 

1.000  .000  .000  .000  .000-1.000  .000-1.000  .000  1.000  .000 

1.000  .000  1.000-1.000-1.000-1.000-1.000  .000  1.000-1.000  .000 

1.000  1.000  1.000  1.000  1.000  .000  1.000  1.000  .000  .000  .000 

.000  .000  .000  .000  .000-1.000-1.000-1.000-1.000  .000  1.000 
-1.000  1.000  1.000  1.000  .000-1.000  1.000  1.000  1.000  .000-1.000 

1.000  1.000  .000-1.000  1.000  .000-1.000  1.000  .000  .000-1.000 

1.000  .000-1.000  .000  1.000  .000  .000  .000  .000  .000  .000 

1.000  .000  1.000  .000  .000  .000  .000  .000  .000  .000  .000 

.000  .000  .000  .000  .000  .000-1.000  .000  .000  .000  .000 

.000  .000  .000  .000  .000  .000  .000  .000  .000  .000  .000 

.000  .000  .000  .000  .000  .000  .000  .000  .000  .000  .000 

1.000-1.000-1.000  1.000-1.000-1.000  .000-1.000  1.000  1.000  1.000 

1.000  1.000  1.000  1.000  .000  1.000  1.000  1.000  1.000-1.000  1.000 

1.000  .000  1.000-1.000-1.000-1.000  1.000  1.000  .000  1.000-1.000 

-1.000-1.000-1.000  .000-1.000  1.000  1.000  1.000  .000  1.000-1.000 
-1.000  .000  1.000-1.000-1.000  .000  .000  ,000-1.000-1.000  1.000 

1.000  1.000-1.000-1.000  .000  1.000  .000  1.000-1,000-1.000  1.000 
1.000  1.000  .000  1.000  .000  1.000  1.000  1.000-1.000-1.000  .000 

1.000  .000  1.000-1.000-1.000  1.000  .000-1.000  .000-1.000  1.000 

1.000  .000-1.000  .000-1.000  1.000  1.000  .000  .000  .000  .000 

.000  .000  1.000-1.000-1.000  .000  .000  .000-1.000-1.000  1.000 

1.000  1.000  .000  .000-1.000-1.000  1.000  1.000  1.000  .000  1.000 

.000  .000  1.000  1.000  1.000  1.000  1.000  ,000  .000  .000-1.000 

-1.000  1.000  1.000  1.000  .000  .000  .000  .000  .000  .000  .000 

.000  .000  .000  .000  .000  .000  .000  1.000-1.000-1.000-1.000 

.000-1.000-1.000-1.000  .000  1.000  1.000  .000  1.000  .000  .000 

1.000  .000  .000  1.000  .000  1.000  1.000  .000-1.000  1.000  .000 

.000  1.000  .000  1.000  1.000  .000  1.000  1.000  ,000  .000  .000 

.000  .000  .000  .000  .000  .000  .000  .000  ,000  .000  .000 

.000  .000  1.000  1.000  .000-1.000  1.000  .000  .000  .000  .000 

.000  1.000  .000-1.000  1.000  .000-1.000  1.000  .000  .000-1.000 


1.000-1.000  .000-1.000  1.000  .000  1.000-1.000  .000-1.000  1.000 
.000  1.000  1.000  .000  1.000  1.000  ,000  1.000  .000  1.000-1.000 

.000-1.000  1.000  .000  1.000  .000  .000  .000  .000  .000  .000 

.000-1.000  .000-1.000  1.000  .000  1.000  .000  1.000-1.000  .000 
1.000  .000  .000  .000  .000-1.000  .000-1.000  .000  1.000  .000 

1.000-1.000  .000  .000  .000-1.000-1.000-1.000  .000-1.000  1.000 

.000  .000  .000  1.000  1.000  1.000  .000  1.000  .000  .000  .000 

1.000  1.000  1.000  .000  1.000  .000  .000  .000  .000  .000  .000 

.000  .000  .000  .000  .000  .000  .000  .000  .000  .000  .000 

.000  1.000  1.000  .000  1.000  1.000  .000  1.000  .000  1.000  .000 

1.000  1.000  .000  1.000  1.000  1.000-1.000  1.000  1.000  .000  1.000 

.000  1.000  1.000  1.000  1.000  1.000  1.000  .000  .000  1.000  1.000 

1.000-1.000  1.000  1.000  .000  .000  .000  .000  .000  .000  .000 

.000  1.000  1.000-1.000  1.000  1.000  .000  1.000-1.000  1.000  1.000 

.000-1.000  1.000  1.000  .000-1.000-1.000  .000  1.000  .000  .000 

1.000  .000  .000-1.000-1.000  .000-1.000  .000-1.000  1.000  .000 
.000  1.000  1.000  .000  1.000  .000  1.000  1.000  .000  .000  .000 

.000  .000  .000  .000  .000  .000  .000  .000  .000  .000  .000 

.000  1.000  .000  1.000  .000  1.000-1.000  .000  1.000  .000  1.000 

1.000  .000  .000  .000  .000  .000  1.000-1.000  .000  .000-1.000 

1.000  .000  1.000  .000  1.000  1.000  .000  .000  1.000-1.000  .000 

1.000  .000  1.000  1.000  .000  .000  1.000  1.000  .000  .000  .000 

.000  .000  .000  .000  .000  .000  1.000  1.000  .000  .000  1.000 

-1.000  .000  .000  .000  .000  .000  .000  1.000  .000  .000  1.000 

-1.000  .000  .000  1.000-1.000  .000  .000  .000  .000  .000-1.000 

1.000-1.000  1.000  1.000-1.000  .000  .000-1.000-1.000  .000  1.000 
1.000  1.000  1.000  .000  .000  1.000  1.000  .000-1.000-1.000  1.000 

.000  .000  1.000  1.000  .000  1.000-1.000  .000  .000-1.000-1.000 

.000-1.000  .000  .000-1.000-1.000  .000  .000  .000  1.000  1.000 

.000  .000  .000  .000  .000  .000  .000  .000  1.000  .000  .000 

1.000  1.000  1.000-1.000  .000-1.000  .000  1.000  .000  1.000  1.000 

1.000  1.000  .000  1.000  ,000  1.000  .000  1.000  1.000-1.000  .000 

-1.000  .000  1.000  .000  1.000-1.000  .000-1.000  ,000  1.000  .000 

1.000  .000  1.000  .000-1.000  .000-1.000  .000  .000  .000  .000 

.000  .000-1.000  .000-1.000  .000  .000  .000  .000  1.000  .000 

1.000  1.000-1.000  .000-1.000  .000  1.000  1.000-1.000-1.000  1.000 
1.000  .000  1.000  .000  1.000  1.000  1.000  1.000-1.000  .000-1.000 

.000  1.000  1.000-1.000-1.000  .000  1.000  .000-1.000-1.000  1.000 

1.000  .000  .000  .000  .000  .000  .000  .000-1.000-1.000  1.000 

1.000  .000  .000  ,000  .000  1.000-1.000-1.000-1.000-1.000  1.000 

1.000  .000-1.000  1.000  .000-1.000  1.000  .000  ,000  .000  .000 

1.000  1.000  .000  1.000  1.000  .000  .000  .000  .000  .000  .000 

.000  .000  .000  .000  .000-1.000  .000  1.000-1.000  .000  .000 

.000  .000-1.000  1.000  .000  .000  .000  .000  .000  .000  .000 

.000-1.000  .000  ,000  .000  .000  .000  ,000  .000  .000  .000 


1.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000  1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1. 000-1. OOp 
-1.000-1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000  1.000-1.000 
-1.000-1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 

1.000-1.000  1.000-1.000-1.000  .000-1.000-1.000  .000  1.000  1.000 
1.000  1.000  1.000  .000  1.000  1.000  .000  1.000-1.000  1.000  1.000 
.000  1.000  1.000  .000-1.000-1.000-1.000  .000-1.000-1.000  .000 
1.000  1.000  .000  1.000  1.000  .000-1.000  .000  1.000  1.000  .000 

-1.000  .000  .000  .000  .000  1.000  .000-1.000  .000-1.000  .000 

1.000  1.000  1.000  .000  .000-1.000-1.000  1.000  1.000-1.000  1.000 

1.000  .000  .000  1.000  1.000  1.000  1.000  1.000  1.000  .000  .000 

-1.000-1.000  1.000  1.000-1.000  .000  .000-1.000-1.000  1.000  1.000 
-1.000  .000  .000  .000  .000  .000  .000  .000  .000  .000  .000 

.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 

1.000  .000  1.000  1.000  1.000  1.000-1.000  .000-1.000  .000  .000 

1.000  1.000  1.000  1.000  1.000  .000  1.000  .000  .000  .000  .000 

.000  .000  .000  ,000  .000  1.000  1.000  1.000-1.000  .000-1.000 

.000  1.000  1.000-1.000  .000-1.000  .000  1.000-1.000  .000-1.000 

.000-1.000  .000-1.000  .000  .000  1.000  .000  .000  .000  .000 

1.000  .000-1.000-1.000  .000-1.000  .000  .000  1.000  1.000  .000 

1.000  1.000  .000  1.000  .000  .000  1.000  1.000  .000  .000  .000 

.000  .000  .000  .000  .000  1.000  .000  1.000  .000  .000-1.000 

-1.000  .000  1.000  .000  .000-1.000-1.000  .000  .000  .000  .000 

.000  .000  .000-1.000-1.000  .000  .000  .000  .000  .000  1.000 

1.000-1.000-1.000  .000  1.000  1.000  .000-1.000-1.000-1.000  1.000 
1.000  .000  1.000  1.000  .000  1.000  1.000  1.000  1.000  .000-1.000 

-1.000  .000  1.000  1.000  1.000  .000-1.000-1.000  .000  1.000  1.000 

1.000  .000  .000  .000  .000  .000  .000  1.000  .000-1.000-1.000 

-1.000  .000-1.000-1.000-1.000  .000  .000  .000  1.000  1.000  1.000 

1.000  1.000-1.000  1.000-1.000  .000  .000  1.000  .000  .000  1.000 

1.000  1.000  1.000  .000  .000  1.000  .000  .000-1.000  1.000-1.000 
.000  .000  1.000  .000  .000-1.000  1.000  .000  .000-1.000  .000 

.000-1.000  .000  .000  1.000  .000  .000  .000  .000-1.000  .000 

.000  .000  .000  .000  .000  .000  .000  .000  .000  .000  .000 

1.000  1.000  .000-1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 

.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  .000-1.000  1.000 

1.000  1.000  1.000-1.000  1.000  .000  .000  .000  .000  .000  .000 

.000-1.000-1.000-1.000-1.000  1.000-1.000  1.000  1.000  1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 


1.000 

.000 

.000 

.000-1.000 

.000  1.000 

.000 

.000-1.000 

.000 

.000 

.000  1.000 
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.000 

.000  1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000  .000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000  .000 

.000 

.000 

.000-1.000 

.000 

.000 

1.000  .000  .000  .000  .000  .000  .000-1.000  .000  .000  .000 


1.000-1.000  .000  1.000  .000-1.000  1.000-1.000  1.000  .000  1.000 

.000  1.000  .000  1.000  1.000  1.000  1.000  .000  .000-1.000  .000 

1.000-1.000  1.000-1.000  .000  .000  .000  .000  .000  .000  .000 

.000  .000-1.000  1.000-1.000  1.000  .000  .000  .000  .000  .000 

.000-1.000  1.000-1.000  .000-1.000  1.000  .000-1.000  .000  .000 

1.000-1.000-1.000  1.000  1.000  1.000-1.000-1.000  .000  .000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  .000  .000  1.000-1.000-1.000 

-1.000  1.000  1.000  .000  .000-1.000-1.000-1.000  1.000  1.000  .000 

.000  1.000  1.000-1.000-1.000  .000  .000  1.000-1.000-1.000  .000 
.000-1.000-1.000  .000  .000  1.000  .000  .000  .000  .000  .000 

1.000  1.000-1.000-1.000-1.000  .000-1.000  1.000  1.000  1.000  1.000 

1.000  1.000  1.000  .000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 

.000-1.000  1.000  1.000  1.000  1.000  1.000  .000  1.000-1.000-1.000 

-1.000  1.000  .000  1.000-1.000-1.000-1.000  .000  1.000-1.000-1.000 
-1.000  .000  .000  .000  .000-1.000-1.000-1.000  1.000  1.000  1.000 


1.000 

.000-1.000 

.000 

.000-1.000-1.000  .000-1.000-1.000 

.000 

1/000 

.000 

.000  1.000  1.000 

.000  1.000  1.000  .000  .000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000  1.000  1.000  .000  1.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000  .000  .000  .000 

.000 

.000  1.000 

.000  1.000  1.000 

.000  1.000  1.000  .000  .000  1.000 

1.000 

.000 

.000  1.000-1.000 

.000 

.000  .000  1.000  .000 

.000 

.000  1.000  1.000 

.000 

.000 

.000  1.000  .000  .000  .000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000  .000  .000  .000 

.000 

.000-1.000 

.000 

.000 

.000  1.000 

.000  .000  .000  .000-1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000  .000  .000  .000 

.000 

1.000-1.000  .000-1.000  .000-1.000  .000-1.000-1.000  1.000  1.000 

.000  1.000  .000  1.000  .000  1.000  1.000  1.000  .000  1.000  .000 

1.000  .000  1.000  1.000-1.000  .000  .000  .000  .000  .000  .000 

.000  .000  1.000  .000  1.000  1.000-1.000  .000  .000  .000  .000 

.000  .000  1.000  1.000-1.000  .000  .000  .000  1.000-1.000-1.000 

1.000  1.000  .000  .000  1.000  1.000  .000  1.000  .000-1.000  1,000 

.000  .000  1.000  1.000  .000  1.000  .000  1.000  .000  .000  1.000 

1.000  .000  1.000  .000-1.000  .000  .000  .000  .000  .000  .000 

.000  .000  .000  .000  .000  .000  .000  1.000  .000  1.000  .000 

-1.000  .000  1.000  .000-1.000  .000  .000  .000  .000-1.000  .000 

1.000  1.000  1.000  1.000  .000-1.000  1.000  1.000-1.000  .000  1.000 

1.000  1.000  .000  1.000  1.000  1.000  1.000  .000  1.000  1.000  .000 

-1.000  1.000  1.000-1.000  .000  1.000  .000-1.000  1.000  1.000-1.000 
.000  .000-1.000  1.000  1.000-1.000  .000  .000  .000  .000  .000 

.000-1.000-1.000  1.000  .000  1.000-1.000  .000-1.000  .000  .000 

1.000  .000  1.000-1.000  1.000  1.000  1.000  .000  .000  1.000  .000 

1.000  1.000  1.000  1.000  1.000  .000  .000  1.000  .000  .000  .000 

.000  .000  .000  .000  .000-1.000  1.000  1.000  1.000  .000  .000 
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I. 000-1. 000-1.000-1.000  .000  .000-1.000  1.000  1.000  .000  .000 
1.000  1.000  .000  .000  1.000  .000  .000  1.000  .000  .000  .000 

1.000-1.000  1.000  .000-1.000  .000  1.000-1.000  1.000-1.000  1.000 

1.000  .000  1.000  .000  1.000  1.000  1.000  1.000-1.000  .000  1.000 

.000-1.000  1.000-1.000  1.000  .000-1.000  .000  1.000-1.000  1.000 
-1.000  .000  .000  .000  .000  .000  .000  .000-1.000  1.000-1.000 

1.000  .000  .000  .000  .000-1.000  1.000-1.000-1.000  1.000-1.000 

1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000-1.000-1.000 
1.000  1.000  1.000-1.000  1.000  1.000  1.000-1.000-1.000-1.000  1.000 
-1.000  1.000-1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000 
-1.000  1.000  1.000-1.000  1.000  1.000-1.000  1.000-1.000  1.000-1.000 


1.000  1.000  1.000-1.000-1.000  1.000-1.000  1.000-1.000  .000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  .000  1.000-1.000-1.000 

1.000-1.000  1.000-1.000  .000-1.000-1.000  1.000-1.000  1.000-1.000 
.000  1.000-1.000  1.000-1.000  1.000  .000-1.000  1.000-1.000  1.000 
.000-1.000  1.000-1.000  .000-1.000  1.000  .000-1.000  .000  .000 


1.000  .000  1.000  .000  .000  .000-1.000  .000  .000  1.000  .000 
1.000  .000  .000  .000  1.000  .000  .000  1.000  .000  .000  .000 

.000  .000  .000  .000  .000  .000  .000  .000-1.000  .000  .000 

1.000  .000  .000  .000  .000  .000  .000  .000  .000  .000  .000 

.000  .000  .000  .000  .000  .000  .000-1.000  .000  .000  .000 


1.000  .000-1.000  1.000-1.000  1.000  .000  .000-1.000-1.000  .000 
1.000  1.000  1.000  1.000  .000  .000  1.000  1.000  .000  .000  .000 

.000  .000  .000  .000  .000-1.000  1.000-1.000  .000  .000  1.000 

1.000-1.000  1.000  .000  .000-1.000-1.000-1.000  .000  .000  1.000 

1.000  '.000  .000-1.000-1.000  .000  ,000  .000  .000  .000  1.000 


1.000-1.000-1.000-1.000 

.000 

.000 

.000-1.000 

.000  .000  1.000 

1.000  1.000 

.000 

.000 

.000  1.000 

.000 

.000  1.000  1.000 

.000 

.000  .000  1.000 

.000 

.000  1.000 

.000 

.000 

.000  1.000 

.000 

.000  .000 

.000 

.000  1.000 

.000 

.000 

.000 

.000  .000 

.000 

.000  .000 

.000 

.000 

.000 

.000 

.000 

.000 

.000  .000 

.000 

1.000  1.000-1.000  .000  1.000-1.000  .000  1.000  1.000  1.000  1.000 
1.000  .000  1.000  1.000  .000  1.000  1.000  1,000-1.000  .000  1.000 
-1.000  .000  1.000  1.000  1.000  .000-1.000  1.000  .000-1.000-1.000 

-1.000  .000  .000  .000  .000  .000  .000-1.000  .000  1.000  1.000 

1.000  .000-1.000-1.000-1.000  .000  .000  .000  1.000  1.000  1.000 


1.000  1.000  .000  1.000  .000  .000  1.000  1.000  .000-1.000  1.000 

.000  I. 000  .000  .000  1.000  1.000  .000  1.000  .000  1.000  .000 

.000  1.000  1.000  .000-1.000  .000  .000  .000  .000  .000  .000 

.000  .000  .000  1.000  1.000  .000-1.000  .000  .000  .000  .000 

.000  .000  .000  .000  .000  1.000  .000-1.000  .000-1.000  .000 


1.000  .000  .000-1.000  1.000-1.000  1.000  .000  1.000  .000  .000 
.000  1.000  1.000  1.000  1.000  .000  1.000  .000  .000  .000  .000 


.000  .000  .000  .000  .000  .000  .000  .000  .000  .000  .000 

.000-1.000  1.000-1.000  .000-1.000  .000-1.000  1.000  .000  1.000 
.000-1.000  .000-1.000  .000  .000  1.000  .000  .000  .000  .000 

1.000-1.000  .000  .000-1.000  1.000  1.000-1.000-1.000  1.000  1.000 

.000  .000  1.000  1.000  1.000  1.000  1.000  1.000  .000  .000  1.000 

-1.000-1.000  1.000  1.000-1.000  .000  .p00  .000  .000  .000  .000 

.000  .000  .009  .000  .000  .000  .000-1.000-1.000  1.000  1.000 
-1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000  1.000-1.000-1.000 

1.000-1.000-1.000  .000  .000  .000-1.000-1.000  1.000  1.000  1.000 
1.000  .000  .000  .000  1.000  1.000  i.OpO  1.000  1.000  .000  .000 

.000  1.000  1.000-1.000-1.000  .000  .000  .000  1.000  1.000-1.000 

-1.000  .000  .000  .000  .000  .000  .000  .000  .000  .000  .000 

.000  .000  .000  .000  .000  1.000-1.000-1.000-1.000-1.000  1.000 

1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000-1.000-1.000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000-1.000  1.000  1.000 
-1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000  1.000-1.000  1.000 
1.000  1.000-1.000-1.000  1.000-1.000-1.000-1.000-1.000  1.000-1.000 
-1.000  1.000-1.000  1.000  1.000-1.000  1.000  1.000-1.000-1.000  1.000 
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.000- 
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.000 

1.000  1.000 

1.000  1.000  1.000 
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1.000  1.000 

.000 
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1.000 

1.000 
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.000-1.000 

1.000 

.000 

.000 

.000-1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000 

.000 

.000 

.000  1.000-1.000 

.000 

.000- 

1.000  1.000 

.000 

.000 

.000 

1.000 

1.000 

.000 

.000 

1.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000- 

1.000 

.000 

.000- 

1.000 

1.000 

.000 

.000 

1.000- 

1.000 

.000 

.000 

.000 

.000 

.000- 

1.000 

1.000- 

1.000 

.000  1.000-1.000  1.000 

.000- 

1.000 

.000- 

2.000 

1.000 

.000 

1.000  1.000 

1.000 

.000 

1.000 

.000 

1.000 

.000- 

1.000  1.000 

-1.000 

.000  1.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000-1.000  1.000 

.000- 

1.000 

.000-1.000-1.000 

.000 

1.000 

.000 

1.000 

.000- 

1.000 

.000- 

1.000 

.000 

.000 

.000 

.000  1.000 

.000 

1.000  1.000 

.000- 

1.000 

.000 

.000 

.000  1.000  1.000 

.000 

1.000 

.000  1.000 

.000 

.000 

.000  1.000  1.000 

.000 

.000- 

1.000 

.000 

.000 

.000  1.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000- 

1.000-1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000  1.000 

.000 

.000 

1.000  1.000  1.000  .000-1.000  1.000  1.000  1.000  .000  1.000  1.000 

1.000  .000  1.000  1.000  1.000  1.000  .000  1.000  1.000  .000-1.000 

1.000  1.000  1.000  .000  1.000  .000-1.000  1.000  1.000  1.000  .000 

1.000  .000  .000  .000  .000  .000  .000-1.000-1.000-1.000  .000 

-1.000  1.000  1.000  .000  1.000  1.000  .000  1.000  .000  1.000  .000 


1.000  .000  1.000  1.000  .000  .000  1.000  .000  1.000-1.000  .000 


1.000  1.000  .000  .000  1.000  .000  1.000  1.000  .000  .000  .000 

.000  .000  .000  .000  .000  1.000  .000  .000  1.000  .000  1.000 

>1.000  .000  .000  1.000  .000  1.000-1.000  .000  .000  .000  .000 

.000  .000  .000  .000  .000  .000  1.000-1.000  .000  .000-1.000 

1.000-1.000  1.000-1.000  1.000-1.000  1.000-1.000-1.000  .000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  1.000  .000-1.000  1.000-1.000 

1.000-1.000  1.000  1.000  .000-1.000  1.000-1.000  1.000-1.000-1.000 
.000-1.000  1.000-1.000  1.000  1.000  .000-1.000  1.000-1.000-1.000 
.000-1.000  1.000  1.000  .000-1.000-1.000  .000  1.000  .000  .000 

1.000-1.000  .000-1.000-1.000  1.000-1.000-1.000  1.000  .000  1.000 
.000  1.000  1.000  1.000  1.000  1.000  1.000  .000  .000  1.000  1.000 

-1.000  1.000  1.000-1.000  .000  .000  .000  .000  .000  .000  .000 

.000  1.000-1.000  1.000  1.000-1.000  .000-1.000  1.000  1.000-1.000 
.000-1.000-1.000  1.000  .000  1.000-1.000  .000-1.000  .000  .000 

1.000  1.000  .000  .000  .000  .000-1.000  1.000-1.000  1.000  1.000 


.000 

.000 

.000 

.000 

1.000  1.000  1.000  1.000 

.000 

.000 

.000 

.000-1.000  1.000-1.000  1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000- 

1.000 

1.000-1.000-1.000 

1.000-1.000 

1.000 

.000 

.000  1.000  1.000- 

1.000- 

1.000 

.000 

.000-1.000 

.000 

.000 

1.000 

1.000  1.000  1.000 

.000 

.000  1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000- 

1.000- 

1.000 

.000 

.000-1.000- 

1.000- 

1.000 

.000 

.000 

-1.000  1.000 

.000 

.000  1.000 

.000 

.000 

1.000 

.000 

.000 

.000 

1.000 

.000  1.000-1.000 

.000 

.000 

.000 

.000-1.000 

.000 

.000 

1.000 

1.000 

.000 

.000 

.000 

.000  1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000-1.000 

.OpO 

.000 

.000 

.000-1.000 

.000 

.000 

,000 

.000 

.000 

1.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

1.000- 

1.000  1.000 

.000  1.000-1.000 

.000-1.000 

.000  1.000  1.000 

1.000 

.000 

1.000  1.000 

.000  1.000 

.000  1.000- 

1.000 

.000- 

1.000 

1.000  .000  1.000  .000-1.000  .000  1.000-1.000  .000-1.000  .000 

1.000  .000  .000  .000  .000  .000  .000-1.000  .000-1.000  .000 

1.000  .000  1.000  .000-1.000  .000  .000  .000  .000-1.000  .000 

1.000  1.000  1.000  1.000-1.000  1.000  .000  1.000  1.000-1.000  1.000 

1.000  1.000  1.000  1.000  .000  1.000  1.000  1.000  1.000  1.000-1.000 

1.000  .000  1.000  1. 000-1. pOO  1.000-1.000  1.000  .000  1.000  1.000 

-1.000-1.000  1.000  .000  1.000  1.000-1.000-1.000  .000-1.000-1.000 
1.000  .000  1.000  1.000-1.000  .000  .000  .000  1.000-1.000-1.000 

1.000  1.000-1.000-1.000  1.000-1.000  1.000  1.000  .000  .000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  .000  .000-1.000-1.000  1.000 
-1.000  1.000  1.000  .000  .000  1.000-1.000  1.000-1.000-1.000  .000 
.000-1.000  1.000-1.000-1.000  .000  .000-1.000  1.000  1.000  .000 

.000-1.000-1.000  .000  .000  1.000  .000  .OOp  .000  .000  .000 
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1.000  .000-1.000  .000-1.000  1.000  1.000  .000  1.000  1.000  .000 

1.000  .000  1.000  1.000  1.000  .000  1.000  1.000  .000  .000  .000 

.000  .000  .000  .000  .000  .000  1.000-1.000-1.000  .000-1.000 

1.000  .000  .000  .000  .000  .000  .000-1.000-1.000  .000-1.000 

1.000  1.000  .000  1.000  1.000  .000  1.000  1.000  .000  .000  1.000 

1.000-1.000-1.000  1.000  .000  .000  1.000-1.000-1.000-1.000  1.000 
1.000  1.000  .000  .000  1.000  1.000  1.000  1.000  1.000-1.000  .000 
.000-1.000  1.000  1.000  1.000-1.000  .000  .000-1.000  1.000  1.000 
1.000  .000  .000  1.000-1.000-1.000-1.000  .000  .000  .000  .000 

.000  .000  .000  .000  .000-1.000-1.000-1.000  1.000  1.000  1.000 

1.000  .000  1.000  .000  1.000  .000-1.000-1.000-1.000-1.000  .000 

1.000  .000  1.000  .000  1.000  1.000  1.000  1.000  .000  .000  .000 

.000  .000  .000  .000  .000  .000  1.000  .000-1.000-1.000-1.000 

-1.000  .000  .000  .000  .000  .000  .000  .000-1.000-1.000-1.000 

-1.000  .000  .000  .000  .000  1.000  1.000  1.000  1.000  1.000  1.000 

1.000-1.000  1.000  1.000-1.000-1.000-1.000  1.000  .000  .000  1.000 
1.000  1.000  1.000  1.000  1.000  1.000  .000  .000-1.000-1.000  1.000 
1.000  1.000-1.000  .000  .000  1.000-1.000-1.000-1.000  1.000  .000 
.000-1.000-1.000-1.000  1.000  .000  .000  :.000  1.000-1.000  .000 
.0C0  1.000-1.000  .000  .000-1.000  .000  .000  .000  .000  .000 

1.000  1.000  1.000-1.000  .000  1.000-1.000  .000  1.000  1.000  1.000 

1.000  1.000  .000  1.000  1.000  .000  1.000  1.000  1.000-1.000  .000 

1.000-1.000  .000  1.000  1.000-1.000  .000  1.000-1.000  .000  1.000 

1.000  .000-1.000  1.000  .000-1.000-1.000  .000  .000  .000  .000 

.000-1.000  .000  1.000  1.000  .000-1.000-1.000  .000  .000  1.000 

1.000  1.000-1.000  .000-1.000-1.000  .000  .000  .000-1.000  1.000 
1.000  .000  1.000  1.000  .000  .000  .000  1.000-1.000  .000-1.000 
1.000  .000  .000  .000-1.000  .000  1.000  1.000  .000  .000  .000 

1.000  .000  .000  .000  .000  ,000  .000  1.000  .000  .000  .000 

1.000  .000  .000  .000  1.000  .000  .000  .000  .000  .000  .000 

1.000  .000-1.000  1.000  .000  1.000  .000-1.000  1.000  .000  .000 

1.000  1.000  .000  1.000  .000  1.000  1.000  .000  .000  .000  .000 

.000  .000  .000  .000  .000-1.000  .000-1.000  ,000  1.000-1.000 

.000  .000  1.000  .000-1.000  1.000  .000  .000  .000  ,000  .000 

.000  .000-1.000  1.000  .000  .000  .000  .000-1.000  .000  .000 

1.000-1.000-1.000-1.000  1.000  .000  .000  1.000-1.000  1.000  1.000 
1.000  1.000  1.000  .000  .000  1.000  1.000  1.000  1.000  1.000-1.000 
.000  .000-1.000  1,000-1.000  1.000-1.000  .000  .000-1.000  1.000 
1.000-1.000  .000  .000-1.000  1.000-1.000  .000  .000  1.000-1.000 
1.000  .000  .000  .000  .000  .000  .000  .000-1.000  1.000-1.000 


1.000-1.000  .000  .000  .000  1.000  1.000  1.000  1.000-1.000  1.000 
.000  .000  .000  1.000  1.000  1.000  1.000  1.000  .000  .000  .000 

1.000-1.000-1.000-1.000  1.000  .000  .000  .000  ,000  .000  .000 
.000  .000  .000  .000  .000  .000  .000  .000  .000  .000  .000 

.000  1.000  1.000  1.000-1.000  1.000  1.000-1,000  1. 000-1. 000-1. 000 


1.000  1.000  .000  1.000  1.000  .000  1.000  .000-1.000  .000  1.000 

.000  1.000  1.000  .000  1.000  .000  1.000  .000  .000  1.000  1.000 

.000  1.000  .000-1.000  .000  .000  .000  .000  .000  .000  .000 

.000  1.000  .000  1.000  .000-1.000  .000  .000  1.000  .000-1.000 

.000  .000  .000  .000  .000  .000-1.000  .000  .000  .000  .000 

1.000  .000  .000-1.000-1.000-1.000  1.000-1.000  .000  1.000  .000 
.000  1.000  1.000  1.000  1.000  1.000  .000  1.000  .000  .000  .000 

.000  .000  .000  .000  .000  .000  .000  .000  .000  .000  .000 

.000  1.000  1.000-1.000  1.000  .000-1.000  1.000-1.000  1.000  .000 
1.000-1.000  1.000  .000-1.000-1.000  .000  1.000  .000-1.000  .000 

1.000  .000-1.000-1.000  .000  1.000-1.000-1.000-1.000  1.000  .000 

1.000  1.000  .000  1.000  1.000  1.000  1.000  1.000  .000  .000  .000 

.000  .000  .000  .000  .000  1.000  .000-1.000  1.000  1.000  1.000 

1.000  .000-1.000  1.000  1.000  1.000-1.000  .000  .000  .000  .000 

.000-1.000-1.000-1.000  1.000  1.000  1.000-1.000  1.000-1.000-1.000 

1.000-1.000-1.000  .000  1.000  .000-1.000  1.000  .000-1.000  1.000 
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